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Thb following Works, by the author of this yoI- 
tune, are for sale at Marsh, Capen, & Lyon^s 
Bookstore, No. 133 Washington Street. 

^vosttnnibt IZvtttlntn in SStfflUx^ 

This popular work was first published about four 
years ago, during which time TWELVE large 
editions of it have been printed in this city, and SIX 
editions in London. It was introduced into the pub- 
lic schools of Boston, soon after its publication ; and 
it is now the only work on composition authorized 
to be used in them. 

^tnavtMli^t IBvtvtintu in SnaUnft 

PART I. containing the Analysis, and PART 
II. the Synthesis of the English Lcmguage. 

This work is also used in the public Schools of 
this city. It has passed through four editions in 
this country, and two in England. It is also very 
extensively used in many public and private Sem- 
inaries. 

^vosctuuii^t IBvtvtlntn In ISifttU^vital 

Particularly designed to familiarize the younger 
classes of readers with the pauses and other marks 
in general use ; and to introduce them to the prac- 
tice of modulation and inflection of the voice. 

This work has been adopted in many respecta- 
ble Seminaries, and has also been republished in 
England. 
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The public Schools of this City axe under many obligations 
to you, for the interest you have taken in them, and Ibr yoor 
disinterested exertions for their improvement. This volume, 
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an opportunity of acknowledging the obligation, which I gladly 
embrace. The gratification which I feel in seeing you at the 
head of our municipal institutions, I beg leave to express in 
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powam. Que omnia solita tua benevolentia ut accipias qnsso. 
1 am, Sir, very respectfully. 

Tour obedient Servant, 

RICHARD GREEN PARKER 



PREFACE 



The School Committee of the City of Boston having recently 
furnished the Grammar Schools with apparatus for exemplifying 
the principles of Natural Philosophy^ the author of this work, 
who, for ten years, has been at the head of one of these large 
establishments, and has felt the want of an elementary treatise 
unencumbered with extraneous matter ^ has been induced to attempt 
to supply the deficiency. If he is not deceived in the result of 
his labors, the work will commend itself to notice, by the follow- 
ing features : 

1. It is adapted to the present state of natural science; em- 
braces a wider field, and contains a greater amount of information 
on the respective subjects of which it treats, than any other ele- 
mentary treatise of its size. 

2. It contains an engraving of every article in the Boston School 
set of philosophical apparatus ; a description of each instrument, 
and an account of the experiments which can be performed by 
means of the apparatus. 

3. It is enriched by a representation and a description of the 
Locomotive, as well as the common Steam Engine. 

4. Besides embracing a copious account of the principles of 
Electricity and Magnetism, its value is enhanced by the intro- 
duction of the science of Pyronomics, together with the new 
science of Electro-Magnetism. 

5. It is peculiarly adapted to the convenience of study and of 
recitation, by the figures and diagrams being first placed, side by 
aide with the illustrations, and then repeated on separate leaves 
at the end of the volume. The number is also given, where each 
principle may be found, to which allusion is made, throughout the 
volume. « 
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6. It presents the most important principles of science in a 
larger type ; while the illustrations, and the deductions from these 
principles are contained in a smaller letter. Much useful and 
interesting matter is also crowded into notes at the bottom of the 
page. By this arrangement, the pupil can never be at a loss to 
distinguish the parts of a lesson which are of primary importance ; 
nor will he be in danger of mistaking theory and conjecture for 
fact. 

7. It contains a number of original illustrations, which the 
author has found more intelligible to children, than those with 
which he has met elsewhere. 

8. Nothing has been omitted, which is usually contained in an 
elementary treatise. 

. A work of this kind, from its very nature, admits but little 
originality. The whole circle of the sciences consists of princi- 
ples deduced from the discoveries of different individuals, in 
different ages, thrown into common stock. The whole, then, is 
conmion property, and belongs exclusively to no one. The merit, 
therefore, of an elementary treatise on natural science must rest 
solely on the judiciousness of its selections. In many of the 
works from which extracts have been taken for this volume, the 
author has found the same language and expressions without the 
usual marks of quotation. Being at a loss, therefore, whom to 
credit for some of the expressions which he has borrowed, he 
subjoins a list of the works to which he is indebted, with this 
general acknowledgment; in the hope that it may be said of 
him as it was once said of the Mantuan Bard, that '^he has 
adorned his thefts, and polished the diamonds which he has 
stolen." 

The thanks of the author are due to Dr. J. W. Webster, Pro- 
fessor of Chemistry, in Harvard University, for the exhibition 
and explanation of a new and highly interesting apparatus in 
the department of Electro-Magnetism, to which allusion is made 
in the body of this work 

It remains to be stated, that the Questions, at the bottom of the 
page, throughout the volume, were not written by the author, but 
were prepared by another hand. 

R. G. P 

12 Orange Street, AprU, 1837. 
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ADVERTISEMENT 

TO THE 

SECOND (STEREOTYPE) EDITION. 

The author has availed himself of the opportunity, in a new 
edition, to make such improvements as have been suggested by 
his own experience, or by the advice of others. To Captain N. 
Tillinghast, of the English High School in this city, and late 
Professor of Chemistry in the Military Academy at West Point, 
his especial thanks are due, for the detection of a number of 
errors in the first edition, which, in a work of this kind, in^ 
volving so many principles, are venial, if not wholly unavoidable. 
The author respectfully requests, that Teachers and others who 
use the book, will fiivor him with the notice of any errors which 
have escaped detection ; and he pledges himself that they shall 
be speedily corrected. The volume, having now been stereo- 
typed, is in a permanent form ; and it will be the aim of the 
author to keep it so, with no other alteration than the correction 
of errors. In the first edition those passages only were numbered 
which contain the most important principles. For the conveni- 
ence of reference, the numbers have now been extended, so as 
to embrace every fiict or principle to which reference is made. 

12 Orange Street, February, 1838. 
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SECTION I.^ 
Divi9ton« o/*fAe Subject. ^ 

1. Natural Philosophy is the science which treats 
of the powers and properties of natural bodies, their 
mutual action on one another, and the laws and opera- 
tions of the material world. 

2. The principal branches of Natural Philosophy, are 
Mechanics, Pneumatics, Hydraulics, Hydrostatics, 
Acoustics, Pyronomics, Optics, Astronomy, Electricity, 

Galvanism, Magnetism, and Electro-Magnetism. 

3. Mechanics ia that branch of Natural Philosophy which relates 
to motion and the moving powers, their nature and laws, with their 
effects in machines, &c. 

4. Pneumatics treats of the nature, properties, aad efi^ts of air. 

5. Hydraulics treats of the motion of fluids, particularly of water; 
and the construction of all kinds of instruments and machines for 
moving them. 

6 Ifydrortatios treat, of the nature, grayity, and pteHoie of 
fluids. 

7. Acoustics treats of the nature and laws of sound. 

8. Pyronomics treats of heat, the laws by which it is governed, 
and the effects which it produces. 

9. Optics treats of light, of colors, and of vision, or sight. 

10. Astronomy treats of the heavenly bodies, such as the ran. 
moon, stars, comets, planets. &c. 

11. Electricity treats of thunder and lightning, and the causes 
by which thejr'are produced, both naturally and artificially. 

12. Galvanism is a branch of Electricity. 

1. What is Natoral Philosophy ? 2. What are the principal branches of Nat- 
oral Philosophy .' S. What Js filechanics ? 4. Of what does Pneumatics treat f 
5. Hydraulics / 6. Hydrostatics ? 7. Acoustics ? 8. Pyronomics \ 9. Ope 
ticsf 10. Astronomv f 11. Electricity ? 12. Of what is Galvanism a braachf 

1 
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13. Magnetism treats of the properties and effects of the magnet, 
or loadstone. 

14. Electro-Magnetism treats of the combined powers of Elec- 
tricity and Magnetism. 



SECTION II. 

Qf Matter and iia Properties, 

15. Matter is the general name of everj thing that 
occupies space, or has figure, form, or color. 

16. The words substance, body, or bodies, are but different names 
lor the same thing, and they are all comprehended under the gen- 
eral name of matter. 

17. All matter is composed of very minute particles, which are 
connected together in different bodies, by different degrees of cohe- 
sion. 

18. Matter exists in two forms, namely, a solid and a 
fluid form. 

19. Matter exists in a solid form when the particles of which it 
is composed adhere together, so that one particle cannot be moved 
without moving the whole. 

20. Matter exists in a flmd form when the particles, having but a 
slight degree of cohesion, move easily among themselves. 

21. There are seven essential properties belonging 
to all matter, namely : 1. Impenetrability, 2, Extension, 
8. Figure, 4. Divisibility, 6. Indestructibility, 6. In- 
ertia, and 7. Attraction. 

2SL These are called essential properties, because no particle of 
matter can be deprived of them, or exist without tbem. 

23. There are certain other properties existing in difibrent bodies, 
called accidental properties, because they do not necessarily exist 
in the bodies themselves, but depend upon their connexion with 
other bodies. Thus, color and weij|[ht are accidental properties, 
because they do not necessarily exist in the bodies that possess 

^^^^^■^^^—^^■^^-^^^—^—^—1 I ■ I ^» ■ ■» " ■■■■ ■ ■■■■»■■■■ ^^^^^IMIPMI ■ ■■ lilM^^^.^^ 

13. Of what does Magnetism treat? 14. EleGtro-Magnetiam .^ 15. What is 
Matter f 16. What is meant by the words substance, body, or bodies ? 17. Of 
what is all matter compoaMed f How are these particles connected together f 
IS.. In how many fi>rms does matter exist f What are they f 19. When does 
matter exist in a solid form i 20. When in a fluid form i 21. How many 
essential properties of matter are there t Wliat are they f Why are they 
called essential properties f 23. What other properties exist in different bodies ? 
Why are they called accidental properties ? Are color and weight essential or 
•oddental properties f Why t 
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them, bat depend upon their connexion with other things. [See 
Gravity and Optics. "^ 

24. There are also certain terms used in Natural Philosophy, to 
express the state in which matter exists, such as Porosity, Density, 
Rarity, Compressibility, Expansibility, MobiUty, Elasticity, BrltUe- 
nesB, Malleability, Ductility, and Tenacity. 

25. By Impenetrability is meant the power of occu- 
pying a certain space, so that where one body is, anoth- 
er cannot be, without displacing it ; because two bodies 
or two portions of matter cannot occupy the same space 
at the same time. 

- 26. Impenetrability belong to fluids as well as solid bodies ; and 
it is as impossible for a liqwd and a solid body to occupy the same 
space at the same time, as it is for two solid iiodies to do so. The 
reason why fluids appear less impenetrable than solid bodies, is, 
that the particles of which they are composed move easily among 
themselves, on account of their slight degree of cohesion. [See 
JVb.20.] 6 e . L 

27. lUustreOion 1st. Fill a tumbler with water, or any other 
liquid, and put a spoon, or any other article, in* it: the liquid will 
flow over tlie sides of the vessel to m^e room for the spoon.* 

28. Illustration 2d. Put some water into a tube closed at one 
end; and tiien insertTr piece^^wood ihat flts^the^ me*^ tjf ine tutw 
very accurately. It will be impossible to force the wood to the 
bottom of the tube, unless the water be first removed. The same 
experiment may be niade with air instead of water ; and proves that 
water, air, and all other fluids, are equally solid, or impenetrable, 
with Uie hardest bodies. 

29. The impenetrability of water was shown by an experiment 

* It is a well known fact, that a certain quantity of salt, the particles 
of which are supposed to be smaller than those of water, can be put into 
^ vessel full of water, jnrithout causing it to overflow ; and as the parti- 
cles of which sugar is composed are smaller than those of salt, a ppr- . 
tion of sugar may be addea afler the fluid is saturated with salt. This 
may be accounted for by supposing that the parti- pj^ . 

eles {xt fluids are round, and therefore touch one ^ ' 

another only in a few points. There will be spaces 
between the particles in the same manner that 
there are between large balls which are piled on^ 
one another. Between these spaces other smaller 
balls may be placed ; and these smaller balls, hav- 
ing spaces between them, will admit others still 
smaller ; as may be seen in Fig. 1. 

34. What terms are used in Philosophy to expreas the state in which matter 
exists i 25. What is meant by Impenetrability * 26. Does impenetrability 
belong to flaids f Why do fluids appear less impenetrable than solid bodies f 
What examples are given in Illoatration 1st and 2d to prove the impenetrability 
of fluids f What is supposed to be the form of the particles of fluids i What 
IbBows from this ? What figure illostrates this } 
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made at Florence, many years ago. A boUow globe of gold wat 
filled with water, and aubmitted to great pressure. The water was 
■een.to exude through the pores of the gold, and covered it with a 
fine dew. [Ste note under J^o. 196.] 

30. When an open phial, not inverted, is plunged into a basin of 
water, the air will rush out in bubbles, to mika room for the water; 
and if an inverted tumbler or eoblet be immersed in water, the 
water will not rise far in the tnmbler unless it be inclined so that the 
air can escape. These are further proofs of the impenetrability of 
air. 

31. When a nail is driven into wood, or any other substance, it 
forces the particles asunder, and makes its way between them ; but 
not a single atom of the wood can remain in the same space that 
the nail occupies ; and if the wood is not increased in size by the 
addition of the nail, it is because wood is a porous substance, 
like sponge, the particles of which may be compressed or squeezed 
more closely together. It is thus they make way for the naU. 

32. By Extension, is meant length, breadth, and 
depth. Bulk and size are but different names for ex- 
tension. It is evident that every body, or portion of 
matter, must have size, bulk, or extension, which is 
measured by the portion of space which it occupies. 

33. The different terms which are used to express the extension 
of a body aie length, breadth, width, height, depth, and thickness. 

34. Length is the extent from end to end. Breadth or widtli is 
the extent from side to side. Height, depth, or thickness, is the 
extent from the top to the bottom. 

35. The measure of a body from the bottom to the top is called 
height ) from the top to the bottom is called depth. Thus we speak 
of the depth of a well, the height of a house, &c. 

36. By Figure, is meant the form or shape of a body. 
Two circles or two balls may be of the same shape or 
figure, while they differ in extension. The limits of 
extension constitute figure. 

37. By Divisibility is meant susceptibility of being 
divided. 

A body, however small, can be divided into halves, quarters, &c. , 
and these halves and quarters may be again divided in the same 
manner, although they may be too small to be visible to our eyes. 
There are some li vino; creatures, called animalcule, so small that we 
cannot see them. To them a grain of sand appears as large as a 
mountain does to us. Our power of dividing matter ends where 
theirs begins; and it follows that this divisibility of matter is limited 

29. What example can you give to prove the impenetrability of water? 
SO. What the air f 31. What solids ? 32. What is meant by Extension ? 
83. What terms are used to express the extension of a body f 34. What is length > 
Breadth? Height, depth, and thickness? What is the diflFbrence between 
height and depth ? 36. What ia meant by Figure ? 37. What is meant by 
DiTiaibility ? . 
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only by the extent of our powers. If, tbeiefore, by means of cut* 
ting, pounding, grinding, &c., we divide a body into as small parti- 
cles as we can, these particles will still have an upper and an under 
surface, with length, oread th, and thickness, all of which will still 
be visible to such creatures as have sufficient powers of vision. 
From which it appears that matter is indefinitely divisible, 

38. The extreme divisibility of matter may be shown in a num- 
ber of ways. First. By dissolving a solid body in a liquid. When, 
for instance, we sweeten a cup of tea or coffee, a small portion of 
sugar is dissolved and diffused through the whole of the liquid. 

3i). SecaindLy. From the manner m which we smell odoriferous 
substances. The perfume or odor of a body is produced by the 
escape of very minute particles which enter the nostrils. This per- 
fume is diffused tlirou^h the whole extent of a large room, without 
the loss of the smallest visible part of tlje substance. 

40. Thirdly- A few drops oi a colored liquid falling^ into a vessel 
of water, immediately tinffe the whole of the water with the color, 
and must therefore be diffused throughout it. 

41. FourtJdy. A lighted candle, placed upon a hill, diffuses parti- 
cles of li^ht through the space of a mile in extent, before it has lost 
any visible portion of its substance. 

42. FiftJdy. It has been calculated that sixteen ounces of gold, 
which, in the form of a cube, would not measure an inch and a. 
quarter in its side, will completely gild a quantity of silver wire 
twenty-five thousand miles in length. 

43. A single grain of gold may be hammered by a gold-beater 
antil it will cover fifly square inches ; each square inch may be 
divided into two hundred strips; and each strip into two hundred 
parts, which may be seen with the naked eye. Each square inch, 
therefore, contains forty thousand visible parts, which, multiplied 
by fifly, the number of square inches which a grain of gold will 
make, gives two million parts, each of which can he seen with the 
naked eye. 

44. The particles which escape from luminous or 

odoriferous objects, although they are too small to be 

visible, all form a part of the substance of those objects, 

and a body is in reality diminished by their escape. 

This is evident in liquid bodies; as, for instance, in a bottle of 
lavender water, which, if left unstopped a sufficient length of time^ 
will evaporate and disappear. 

45. By the Indestructibility of matter is meant that 
it cannot be destroyed. It may be indefinitely divided, 
or altered in its form, color, and accidental properties, 
but it must still continue to exist In some form through 
all its changes of external appearance. 

By wkat Is the divisibility of matter limited ? 38. Mention some exam- 
ples to show the extreme divisibility of matter. 44. Are odoriferoas and luml- 
noas bodies diminished by the particles which escape ttom them i Why can 
we not see the particles which escape f Give an example to prove that the 
bodies are diminished i 45. What is meant by the Indestructibility of matter ? 

1* 
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46. 'Hie aeience of chemiatry teaches us that there is a certain 
definite number of elementary substances, of some one or more of 
which all other substances are composed. The powers of man, or 
of nature, can change the shape, the combination, or the situation, 
ef these elementary substances, but nothing short of creative power 
can annihilate any one of them. 

47. lUustraiion 1st. Thus water, for instance, which was for- 
merly considered as a simple substance, is found to consist of two 
substances, imperceptible to the sight, called hydrogen and oxygen, 
united by what is called chemical attraction. Iriese substances 
may be. separated and made to unite with other substances, bat 
they cannot be destroyed. 

48. lUuMiratum 2d. Thfre is actually no more nor less of the 
elements of water existing at the present time than there was at the 
creation of the world, but they exist only in different forms or situ- 
ations. When water disappears, either by boiling over a fire, or 
eTaporatin^ by the heat of the sun, or, in other words, when ** it 
dries up" It rises slowly in the form of steam or vapor. This vapor 
ascends in the air and constitutes clouds ; these clouds agrain fall to 
the earth in the shape of rain, snow, or hail, and form springs, 
Ibunteins, rivers, &c. The water on or in the earth, therefore, is 
constantly changing ite shape or situation, but no particle of it is 
ever actually destroyed. 

49. Illustration 3d. llie particles or simple substances of which 
wood or coal is composed are not destroyed when the wood or coal 
IS burnt. Part of them arise in smoke or vapor, and the remainder 
is reduced to ashes. A body in burning undergoes remarkable 
changes. It is subdivided, ite form and color are altered, ite exten- 
sion 18 increased, but the various parte into which it has been sepa- 
rated by combustion, continue in existence, and retain all the essen- 
tial properties of bodies. 

50. Alustration 4th. Every thing in nature decays and is corrupt- 
ed in the lapse of time. We ourselves die, and our bodies moulder 
in the dust ; but not a single atom of them is lost. They serve to 
nourish the earth, whence, while living, they drew their support, 
and by degrees become incorporated wiu other substances. 

51. By Inertia, is meant the resistance which inactive 
matter makes to a change of state, whether of motion or 
rest. A body at rest cannot put itself in motion, nor 
can a body in motion stop itself. 

52. A body, when put in motion, will continue to move for ever, 
nnless it be stopped. When a stone or ball is thrown from the 
hand, there are two forces which continually operate to stop it; 
namely, the resistence of the air, and gravitetion: all motion 

46. What does chemistry teach with regard to the composition of bodies f Can 
any particle of matter be annihilated .' Or what is water composed ? Is there 
more or less water existing now than there was at the creation of the world ? 
What becomes of water when It evaporates ? What becomes of ihe particles 
or simple substances of diflferent kinds of fuel when burnt ? What becomes of 
every thing in nature ? 51. What is meant by Inertia ? £2. How long will a 
body in motion continae to move, unless it be stopped } 
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which is caased by animal or mechanical power, will be destroyed 
by the combined action of these forces. But conld these obstacles 
be removed, the body in motion would continue to move for ever. 

53. The Inertia, or resistance of a body to a change of state, as, 
for instance, a ball, may be perceivedby throwing it from the hand. 
It requires a considerable degree of strength to give it a rapid mo- 
tion ; and the person who stops or catches it, feels the resistance it 
makes to being stopped. 

54. Attraction expresses the tendency which different 
bodies or portions of matter have, to approach each 
other. Every portion of matter is attracted by every 
other portion of matter, and this attraction is the 
strongest in the largest portions. 

55. As the earth is the largest portion of matter with 
which we are practically acquainted, every thing on or 
near its surface, when unsupported, will obey its supe- 
rior attraction. For this reason every thing about us 
will fall to the ground or the surface of the earth, unless 
it be prevented. 

56. The attraction of all masses of matter is in a 
direct proportion to their quantity, and in inverse pro- 
portion to the. square of their distances from each 
other. That is, the greater the quantity and the less 
the distance, the stronger will be the attraction. 

57. There are two kinds of attraction belonging to all 
matter, namely, the attraction of gravitation, or grav- 
ity, and the attraction of cohesion, or cohesive at- 
traction. 

58. The attraction of gravitation, or gravity, is that 
which causes bodies at a distance to approach each 
other. 

59. The attraction of cohesion, or cohesive attrac- 
tion, is that which unites the particles of a body. 

60. \\j the attraction of gravity, a stone falls to the ground. By 
the attraction of cohesion, the particles which compose the stone 
are held together. 

When a stone or ball is thrown from the hand, how many forces continually 
operate to stop it ? VSHint are they I What destroys the motion caused by 
animal or mechanical power ? How could a body in motion be made to move 
forever? 53. What example is given to show the inertia of a body? 
54. What is Attraction ? Where is attraction the strun^rest ? 55. Why does 
a body fhll when unsupported? 56. In what prop'ortion does attraction 
increase? 57. How many kinds of attraction are there belonging to all 
matter ? What are they ? 58. What is the attraction of gravitation, or grav- 
ity ? 59. What is the attraction of cohesion, or cohesive attraction ? 60. 
What causes a stone to fall to the ground ? By what are the particles which 
compose the atone held together * 
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61. The difference between the two kinds of attraction is this : 
the attraction of cohesion takes place in very minute particles, and 
at Tery small distances ; the attraction of gravity acts on all bodies 
and at a]l distances. The attraction of cohesion takes place be- 
tween the particles of the same body. The attraction of gravitation 
caases different bodies to approach each other. 

62. The attraction of gravitation causes weight. 

When we say that a body weighs an ounce, a pound, or a hun- 
dred pounds, we express, by these terms, the degree of attraction 
by which it is drawn towards the eartli. As this attraction, (as was 
stated in number 56,) depends upon the quantity or portion of mat- 
ter there is in a body, it follows that those bodies which are heav- 
iest, that is, which are most strongly attracted, contain the most 
matter. 

63. We estimate the quantity of matter in a body, not by its ap- 
parent size, but by its weight. We term some bodies, as cork, 
feathers, &c., light; others, as lead, gold, mercury, &c., are called 
heavy. The reason of this is, that the particles which compose the 
former are not closely packed together, and therefore they occupy 
considerable space ; while in tlie latter they are joined more closely 
together, and occupy but little room. A pound tif cork and a 
pound of lead, therefore, will differ very much in apparent size, 
while they are both equally attracted by gravity, that is, they weigh 
the same. 

64. The particles of which bodies are composed touch one an- 
other in few places only. There are, consequently, small spaces 
between the particles, and Uiese spaces are called pores. The po- 
rosity of a body implies, therefore, that it has pores ; and the greater 
the number, and the larger the size of these ports, the more porous 
the body is said to be. 

Qd, The porosity of bodies leads to another distinc- 
tion, called density, and rarity. By density is meant 
the closeness and compactness of the particles of a body. 
Rarity is the contrary of density, and implies the thin- 
ness or subtlety of bodies. A body in which the pores 
are small and few in number is called a dense body. 
When the pores are large and numerous, the body is 
said to be rare. 

66. Dense bodies are always heavier than rare bodies of the same 
size, because there is a greater number of particles in the same 



Bl. Wliat b the diflbrence between these attractions i 62. What is weight f 
When we say a body weighs an ounce, or a pound, what do we express by this 
term f Upon what does attraction depend t What follows from this i 63. 
How do we estimate the quantity of matter in a body ? What bodies are 
light * What heavy f How do you account for this difference ? 64. What 
are pores f What does the porosity of a body imply? Upon what does the 
porosity depend > 65. What is meant by Density I Rarity ? When is a body 
called dense ? When rare ? 66. How do dense and rare bodies of the same 
slse compare, wiih regard to their weight ? Why i 
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•pace, and consequently the body ia more strongly attracted. [Sss 
Atf. 63.] 

67. The strength of cohesive attraction in bodies depends, in a 
ffteat measure, upon their density. This is particularly the case in 
fluids. The thinner and lighter a fluid is, the less is its cohesive 
attraction. 

The cohesive attraction of solid bodies is much greater than that 
Df fluids. 

68. The pores of substances are generally filled with air. 

69. Heat pervades all bodies, insinuating itself, more or less, be- 
tween their particles, and forcing them asunder. Heat, and the 
attraction of coheBion constantlv act in opposition to each other ; 
and the more a body is heated, the more its particles will be sepa- 
rated. 

70. The efiect of heat in separating the particles of different 
kinds of substances is seen in the melting of solids, such as metals, 
wax, butter, <&e. The heat insinuates itself between the particles, 
and forces tbem sounder. These particles then are removed from 
that degree of neam«*ft.s or proximity to each other within which 
cohesive attraction <>xists, and the body is reduced to a fluid form. 
When the heat is removed the bodies return to their former solid 
state. 

71. Of all the efiects of heat, that produced upon water, is, per- 
haps, the most remarkable. The particles are totally separated and 
converted into steam or vapor, and their extension is wonderfully 
increased. 

72. The steam which arises from boiling water is nothing more 
than portions of the water healed. The heat insinuates itself be- 
tween the particles of the water, and forces them asunder. When 
deprived of the heat, the particles will unite together in the form of 
drops of water. This fact can be seen by holmng a cold plate over 
boiling water. The steam rising from the water will be condensed 
into drops on the bottom of the plate. 

73. The air which we breathe generally contains a considerable 
portion of moisture. On a cold day, this moisture condenses on the 
glass in the windows and becomes visible. We see it also, collect- 
ed into drops on the outside of a tumbler or other vessel containing 
cold water in warm weather. 

7 A. Heat also produces most remarkable effects upon air, causing 
it to expand to a wonderful extent, while the absence of heat causes 
it to shrink or contract into very small dimensions. 

75. The attraction of cohesion causes the small watery particles 
which compose mist or vapor to unite together in the form of drops 
of water, it is thus that rain is produced. The clouds consist of 

.^ . . ■ ■ — A - I- ■ J 1 

67. Upon what does cohesive attraction in a great measure depend ? In -what 
is this particularly the case f Upon what does the cohesive attraction of fluids 
depend f In which is cohesive attraction the stronger, in solids or fluids ? 
68. With what are the pores of all substances generally filled f 69. What 
efiect has heat upon bodies i What two forces continually act in oppo- 
sition to each other f 70. In what can the efi*ect of heat be seen f How does 
it separate the particles ? What wonld be the effect were the heat removed ? 
71. Upon what has heat the most remarkable effect? How docs it effect it ? 
74. What effect has heat upon air ? 75. How is rain produced ? 
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mitt or Tapor expanded by heat They riae to the odd legiona of 
the skies, where they lose their heat ; and then, uniting in dropi, 
fall to the earth. But so long as they retain their heat, tlie attrac- 
tion of cohesion can have no influence upon them, and they will 
continue to exist in the form of steam, vapor, or mist. 

76. By the Compressibility of bodies is meant that 
they can be compressed into smaller limits of extension 
than they naturally have. Of this all substances are 
susceptible if a sufficient force be applied. 

77. By the Expansibility of bodies is meant the pow- 
er of being increased in extension, and it is the reverse 
of Compressibility. Heat expands most substances, 
and cold contracts or compresses them. 

78. By Mobility is meant the power of being moved. 
All bodies, however large or heavy, may be moved, pro- 
vided a sufficient force be applied. 

79. Elasticity is the property which causes a body to 
resume its shape after being compressed or expanded. 

Thus when a bow or a cane is bent, it returns to its former shape 
as soon as the pressure is removed. When the flesh of a .living 
animal is pressed, it in like manner resumes its shape on removin|^ 
the pressure. Caoutchouc, or India rubber likewise, on account of 
its elasticity, when bent or drawn out, will immediately return to 
its shape. iSut of all bodies, those in the form of gas, or air, are the 
most remarkable for this property. Hard bodies^ are in the next 

* When two ivory or metallic balls strike each other, the parts at which they 
touch will be flattened, but no mark is perceptible, their elasticity instantly de- 
stroying all trace of it. It, however, a small spot of ink be placed on one of the 
balls at the point of contact, it will be found, after the contact, to have spread, 
and will thus show that there has been compression. The cause of elasticity is 
not well understood. Elasticity implies susceptibility of compression; and the 
susceptibility of compression depends upon the porosity of bodies ; for were there 
no pores, or spaces between the particiea of matter, of which a body is compo- 
sed, it could not be compressed. Bat it is not the case that bodies whose par- 
ticles are most distant from each other are the most elastic. Elasticity implies 
not only susceptibility of compression, but the power of restoring its former 
state after compression. The pores of such bodies as ivory and metals, are in- 
visible to the naked eyej but it is well ascertained that gold, (see No. 29.) one 
of the most dense of ail bodies, is extremely porous, and that its pores are sufll- 
eienlly large to admit water, under great pressure, to pass through them. In 
cork, sponge, and bread, the pores form considerable cavities ; in wood, and 
many kinds of stone, when not polished, they are perceptible to the naked eye; 
whilst in ivory, metals, and most varnished and polished bodies they cannot be 
discerned. To give an idea of the extreme porosity of bodies. Sir Isaac New- 
ton conjectured, that if the earth were so compressed as to be absolutely with- 
out pores, its dimensions might not be more than a cubic inch. The elasticity 
of ivory is very perfect, that is to say, it restores itself after compression, with 
a force very nearly equal to that exerted in compressing it. Liquids, such as 
water, 4^c. have scarcely any elasticity. 

Of what do the clouds consist f 76. What is meant by the Compressibility of 
bodies ? Can all bodies be compressed f 77. What is Expansibility ? What 
effect has heat and cold upon bodies * 78. What is Mobility I 79. What la 
Elasticity f 
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degfee elastic. Soft bodies, such as clay, wax, tallow, batter, &c. 
hare very little elasticity, and are called non-elastic bodies. 

80. Malleability implies capability of being drawn under the 
hammer, or rolling-press. This property belongs to some of the 
metals, as gold, silver, iron, copper, &c., but not to all ; and it is of 
vast importance to the arts and conveniences of life. Gold is the 
most malleable of all metals. 

81. Brittleness is the property which renders substances easily 
broken, or separated into irregular fragments. This property be- 
longs chiefly to hard bodies. 

S. Iron, steel, brass, and copper become brittle when heated and 
suddenly cooled ; but if cooled slowly, they are not easily broken. 
Brittleness is not entirely opposed to elasticity ; for some bodies, 
glffss, for instance, are very brittle, and yet a ball, or fine threads 
of tliis substance, are highly elastic. 

83. Brittleness is the opposite of malleability. 

84. Ductility is that property which renders a substance suscepti- 
ble of being drawn into wire. Platina is the most ductile of all 
metals. It can be drawn into wire scarcely larger than a spider's 
web. 

85. Tenacity implies a great degree of adhesion among the parti- 
cles of bodies. Iron, on account of its fibrous structure, is very te* 
nacious. 



SECTION III. 
Of Gravity or Weighi, or the Mraciion of Gravitation 

86. All matter is attractive, from thc^ smallest particle 
to the largest mass ; and bodies attract each other with 
a force proportionate to their density, that is, the quan- 
tity of matter they contain. 

87. The earth being the largest mass of matter with 
which we are practically acquainted, attracts (according 
to the principles stated in numbers 54, 55 and 56) every 
thing on or near its surface to itself. This attraction is 
called the attraction of gravitation. 

Give tome examples of elasticity. What bodies are most elastic i Wliicli 
are the more elastic, hard or soft bodiei ? Note. What eflhct is prodaced 
when two ivory balls strike each other f What is the cause of elasticity f 
Could a body without pores be compressed ? Are those bodies most elastic 
whose particles are most distant ? What does elasticity imply f IFow 
has it been proved that gold is porons f [See No. 29.] What is said of the 
pores of cork, sponge, wood, stone, ivory, metals, dec. f What did Newton 
conjecture with regard to the pores of the earth f Which has the most elas- 
ticity, ivory or liquids f 86. Is all matter attractive? In what proportion do 
bodies attract each other f 87. What Is said of the attraction of the earth, 
and what is the attraction called I 
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88. The force of gravity is greatest at the surface of 
the earth, and decreases both upwards and downwards, 
but in different degrees. 

89. The force of gravity decreases above the surface 
as the square of the distance from the centre increases. 
From the surface to the centre it decreases, simply as 
the distance increases. That is, gravity at the surface 
of the earth, which is about 4000 miles from the centre, 
is four times more powerful than it would be at double 
that distance, or 8000 miles from the centre. 

.90. According to the principles just stated, a body which at the 
surface of the earth weighs a pound, at the centre of the earth will 
^treiffh nothing. 

1000 miles from the centre it will weigh one quarter of a pound. 

2000 <* " " " " « one half of a pound. 

3000 " " *' " " " three quarters of apound. 

4000 « « *t tt u ti one pound. 

8000 " « « « '* « one quarter. 

12000 " « " « « " one ninth, &c. 

91. It follows from what has been stated, with regard to weight 
as a consequence of attraction, that if there were but one body in 
the universe, it would have no weight, because there would be no- 
thing to attract it. But cohesive attraction would still exist, and 
keep the particles which compose the body^ united. 

9^. As the attraction between all bodies is mutual, it follows tliat 
when a stone or any heavy body falls to the earth, the earth will 
rise to meet it. But as the attraction is in proportion to the quan- 
tity of matter each contains, the stone will fall as much farther than 
the earth rises, as the earth exceeds the stone in mass. P^ow the 
earth is one quatrillion, that is, one thousand million millions times 
larger than the largest body which has ever been known to fall 
through our atmosphere. Supposing, then, that such a body 
shoula fall through a distance of 1000 feet — the earth would rise 
no more than tiie hundred billionth part of an inch, a distance alto- 
gether imperceptible to our senses. 

93. The principle of mutual attraction is not confined to the 
earth. .It extends to the sun, the planets, comets, and stars. The 
earth attracts each of them, and each of them attracts the earth, and 
these mutual attractions are so nicely balanced i by the power of 
God, as to cause the regular motions of all the heavenly bodies, the 
diversity of the seasons, the succession of day and night, summer 
and winter, and all the grand operations which are described in as- 
tronomy. 

88. Where ia the force of gravity greatest I 89. In what proportion does 
gravity decrease above the surfttce of the earth I 90. Give an example to show 
this. 91. If there were but one body in the universe, what would be its 
weight i Why I Would cohesive attraction exist f 92. Is the attraction be- 
tween bodies mutual f What follows firom this ? Why do we not see the 
earth rise to meet falling bodies f What example is given to illustrate this f 
98. Wliat is said of the extent of the nower of mutual attraction ? 
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^. The direction in which falling bodies aroroadi the sarftice of 
the eartlii is cfllled a vertical, or olainb line, ouch pig. 2. 
lines are everywhere perpendicular to the surface, 
and when prolonged will meet nearly at the centre 
of the earth. For this reason no two lines sus* 

Smded by weights, will be parallel to each other, 
ven a pair ol* scales hanging perpendicular to 
the earth, are not exactly parallel, because they 
both point to the same spot, namely, the centre of 
the earth — bat the convergency is so small, that 
their inclination is not perceptible to our senses. 
£5ce Fig, 2.] For ihe same reason no two bodies can fall to the 
partli in parallel lines. 

95. According to the laws of attraction, all bodies at 
an equal distance from the earth will fall to it in the 
same space of time, if nothiDg impede them. But bodies 
of difierent density fall with different degrees of velo^ 
city, on account of the resistance of the air ; and as 
dense, heavy bodies, by their greater momentum {See 
JS'o. 133) overcome this resistance more easily than 
rarer or lighter ones, the former will fall with the greater 
velocity* 

96. The resistance which the air opposes to the fUl 
of bodies, is proportioned to their surface, not to their 
weight. 

97. Heavy bodies can be made io float in the air, Instead of falling 
immediately to the ground, by making the extent of their surface 
counterbalance their weight. Thus ffold, which is one of the 
heaviest of all substances, when spread out into thin leaf, is not at- 
tracted by gravity with sufficient force to overcome the resistance 
of the air , it therefore floats in the air, or fiills slowly. 

98. All substances of whatever nature are influenced 
by gravity, in exact proportion to their density."* 

Even air itself, light as it seems, is subject to this attraction. The 
airf probably extends to a height of more than forty-five miles above 

* This law must be regarded in connexion ^ith that stated in Namber 89. 

t We have no means of ascertaining the exact height to which the air ex- 
tends. Sif John Herschel says, **■ Laying out of consideration all nice questions 
Ss to the'^robable existence of a definite limit to the atmosphere, beyond which 

94. Wliat is a vertical or plumb line .' How are these lines situated with 
regard to the earth*s sorfiiee f Where will these lines meet, if proIongiBj f 
Why are not two lines suspended by weights parallel i Are .not a pair of 
scales, hanging perpendicular to the earth, parallel ? Why f Why do they ap- 
pear parallel r Can any two bodies fall to the earth in parallel lines i 95. 
What is the reason that all bodies, at equal distances fl'om the earth, do not fiiU 
In the same sp^e of time I What bodies (hll with the greatest velocity t 
16. To what Is the resistance of the air, in falling bodies, proportioned ? 97. 
How can heavy bodies be made to float in the air ? Give an example to tUos- 
irate this. 9B. In what proportion are all substances influenced by gravity t 

2 
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^ sarfkoe of the earth. The pressure of the upper parts of the 
atmoephere on those beneath, renders the air near the surface of the 
earth much more dense than that in the upper regions. This prea- 
sure if caused by the attraction of the earth, or, what is the same 
thipff, the weight of the air above ; and it would cause the air to 
Ayn uke other bodies completely to the earth } were it not for tho 
etasticitjr [See Ab. 79,] of tnat portion which is near the surface. 

99. Toe air therefore of which the atmosphere is composed, ex> 
ists in a state of constant compression, and is heavier near the sur- 
ftoe of the earth, and grows lig^hter as we ascend. Gravity brings. 
the particles together, while elasticity gives them a constant ten-^ 
dency to expand. Gravity thus confines the air to tlie region of 
the earth, while elasticity prevents it from falling like other bodies 
to the ground. 

100. The specific gravitj of bodies is a term used ta 
express the relative weight of equal quantities of differ- 
ent bodies. 

We know that a piece of lead will weigh more than a piece of 
wood of the same sixe. A piece of wood will weig^h more than a 
f iece of cork of the same dimensions^ and cork will weigh more 
than a portion of air, smoke, or vapor of the same extension. Hence 
we say that the specific gravity of cork is greater than that of air, 
the specific jo^ravitv of wood is greater than that of cork, and the 
qpecinc gravity of lead greater tlun that of wood, &xi. 

101. From what has now been said with respect to the attraction 
of gravitation and the specific gravity of bodies, it appears that 
although the earth attracts all substances, yet this very attraction 
causes some bodies to rise and others to fall. 

102. Those bodies or substances, the specific gravity of which is 

eater than that of air, will faU, and those whose specific gravity is 
I than that of air will rise ; or rather, the air being more strongly 
attncted will ^t beneath them, and, thus displacing them, will 
cause them to nse» For the same reason, cork and other light sub* 
stances will not sink in water, because the specific gravity of water 
Mng greater, the water is more strongly attracted and will be 



is aiMol«tel<f and r%onMttiy spsaUof n« air, It i« dear, thai (br all practi- 
cal parpotM w« may speak oT thoae regions wMeh ore more distant above tiie 
•artli's surflice than the hundredth part of its diameter aa void of air, and of 
ooBiM, of clouds (which are nothing but visiUe vapors, diffused and floating 
in tlie air, sastained by it, and rendering it turbid, as mod does water). It 
ssenui probable from many indications, that the greatest height at which visible 
slouds «Ter exist, does not exceed ten miles j at which he^ht the density of 
the air is about on eighth part of what it Is at the level of the sea. 



Is air afTected by it f How &r does the air extend ^ove the surlhce of the 
•arth f What causes the air to be more dense at the surlhce of the earth ? 
What causes this pressure ? Why does not the air fall to the earth like other 
bodlfi? 9d. Where is the air heaviest ? What effect have gravity and elasti- 
alty apon the air f 100. What is speciflo gravity ? Illustrate this. 101. Dom 
^ attraction of the earth cause all bodies to Ihll ? 102. What bodies will IkU f 
f' ttot rise f How does the air cause them to rise ? Why do not cork and other 
t j^ to«ies sink In wat«r ; 
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dnwn down beneath them. [For a taUe of tht ^uffic gracity ff 
beduSf see Hydrostatics.} 

103. The principle which causes balloons to rise, is the same 
^hich occasions the ascent of smoke, steam, &.C. The materials of 
which a balloon is made, are heavier than air, but their extension 
is grreatly increased, and they are filled with an elastic fluid of % 
dil&rent nature, specifically lighter than air, so that on the whole 
the balloon when tlius filled is much lighter than a portion of air of 
the same size or dimensions, and it wiU consequently rise. 

104. Gravity, therefore, causes bodies which are lighter than air . 
to ascend, those which are of equal weight with air to remain sta- . 
tionary, and those which arc heavier than air to descend ; but the 
rapidity of their descent is afl^cted by the resistance of the air ; . 
wnich resistance is proportioned to the extent of the surface of the 
falling body. 

105. From what is slated in number 95, it appears that as a dense 
body, such for instance as a piece of metal or money, is more strong- 
ly attracted by the earth than a rarer (that is to say, a lighter) one, 
its momentum will enable it to overcome the resistance of tiie air 
more readily, and that it will consequently fall to the ground more 
quickly than a lighter one. But if the resistance of the air oould be 
removed, they would both fall in precisely the same time. [Thia 
will be Uluatrated hy experiments in connexion with PneunuUies.'] 

106. It has been sUted {See JVb. 88) that the force of gravity if 
the greatest at the surface of the earth, and decreases both upwards 
and downwards, but in difierent degrees. But the diminution of ite 
Ibrce at so small a distance as that to which the atmosphere extends 
is so inconsiderable, compared with the size of the earth, as to be* 
«carcelyperceptible. 

107. The greatest height ever attained by man in balloons, or on 
the summit of the highest mountains, scarcely exceeds a thousandth 
port of the distance from the centre to the surfiice of the earth. 
Although, therefore, it is true that the air near the surfkoe of the 
earth is more stronglv attracted than that in the upper renons of 
the atmosphere, yet the dlfierence is so exceedingly small, that it is 
imperceptible. But the weight of the upper air resting upon the 
lower (as is stated in J^o. 98^) compresses it into smaller volume, 
and thereby increases its density. This increase of its density causes 
a corresponding increase of its specific gravitv. [See JYo. 100.] 

108. The pressure of the atmosphere has been compared to that 
of a pile of fleeces of wool, in which the lower flecees are pressed 
tojgfether by the weight of those above. The uppermost fleece, re- 
ceiving no external pressure, is eonfined merely by the force of ite 
own gravity. 

103. Explain the principle apon wMcb baUoons rieef 104. What eflbct 
has gravity on bodies lighter than the air ? What effect on bodies of equal 
weight f What eflbct on those that are heavier i Wliat aflTects the rapidity 
of their deseent ? To what is the resistance of the air proportioned f 105. . 
Which is more strongly attracted by the earth, a dense or a rare body? 
What follows from tliis f How can they be made to fall in the same 
time i 106. Where is gravity the greatest f Why is not the diminution of it, 
as we go from the sur&ce of the earth, very apparent ? 107. What is the greatest 
height in the air ever attained by man ? 108. To whal has the pressure of Um 
atmosphere been compared i 
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100. Smoke consists of minute particles of fuel carried up bj a 
current of heated air from the fire below. As heat expands alt 
bodies [See Ab. 69 J it consequently rarefies (that is, expands) air, 
and renders it lighter than the colder air of the atmosphere. The 
healed air from the fire carries up with it vapor and small particles 
of the combustible materials which are burning in the fire. When 
this current of hot air is cooled by mixing with the atmosphere, the 
minute particles of coal or other combustibles fiill, and it is this 
which produces the small black flakes which frequently render the 
air, and every thin^ in contact with it so dirty. This is particularly 
the case in large cities, where bituminous coal is used for fuel. 

110. From what has now been stated, it appears that gravitation 
is the force which occasions the fhll of bodies ; cohesion, that which 
binds the particles of bodies together ; and heat,afi)rce which drives 
them asunder. These tJiree powers may be comprehended under 
two names^ Attraction and Repulsion. 



SECTION IV. 

Mechanics J or the Laws of Motion, 

111. Mechanics is that branch of Natural Philosophy 
which relates to motion, and the moving powers ; their 
nature and laws, with their effects in macnines, &c. 

112. A body is in motion whenever it is changing its 
situation with regard to a fixed point. Motion therefore 
is a Continued change of place. 

113. On account of the inertia [See JVb. 51,] of all 
matter, a body cannot put itself in motion, nor when it 
is in motion can it stop itself. 

114. The power which puts a" body into motion is 
called a force, — and the power which has a tendency 
to stop or impede motion is called resistance. 

Thus the stroke of a hammer is the force which drives a nail ; 
the pulling of the horse is the force which draws the carriage. 
Force, Uien, is the cause which produces motion. [See M. 112.] 

115. The motion of a body impelled by a single force 

109. or what does smoke consist ? What effect hos hent upon hoilieii ? What 
fbllOMTS fVom this? What produces the small black flnkes which freqiiunil/ 
float in the airf llO. What is gravitation f Cohesion? I lent? Under 
what names may these powers be comprehended i 111. What is Aleclianics? 
112. What is motion ? 113. Why cannot a l»ody put iisell" in motion .» Wliy 
dannot abody stop itself when in motion ? IM. Wliat is force i Wlint is re 
aittance ? what illustrations ore ffiven ? 115. When is the motion of a body 
in a straight Una ? In what direction will it move i 
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is always in a straight line, and in the same direction in 
which the force acts. 

116. The rapidity with which a body moves is called 
Us velocity. 

117. The velocity of a moving body is always pr<^ 
portioiial to the force by which it is put in motion ; and 
wbat is gained in power is lost in time. 

118. The velocity of a moving body is determined by 
Hui time that it occupies in passing through a given 
space. The greater the space, and the shorter the tioic^ 
the greater is the velocity. 

Thus, if one body go tkroogh six miles in an hour, and anotfalilr 
through twelre miles in the same tiniei the veloejty of the U^tpr is 
double Ihat of the former. 

119. Velocity is sometimes called absolute, and some- 
times relative. Velocity is called absolute when tfai^ 
motion of a body in space is considered without refer- 
ence to that of other bodies. 

When, for instance, a horse goes a hundred miles in ten houn, 
his absolute velocity is ten miles an hour. 

li^O. Velocity is called relative when it is compaftd 
with that of another body. 

Thus, if one horse travel only iifty miles in ten hours, and an* 
otlicr one hundred, in tlie same time, the absolute velocity of iiffi 
first horse is five miles an hour, and tliat of the latter is ten xoHtiB ; 
but their relative velocity is five miles. 

121 . The velocity of a body is measured by the »fm^ 

over which it moves, divided by the time which it emi- 

ploys in the motion. 

Tims, if a body move one hundred miles in twenty hours, the 
velocity is one hundred divided by twienty, ^hat is, five fa.Hfi^ mi 
hova. 

VQ2. The time employed by a body in motion may be 

ascertained by dividing the space by the. velocity. 

Thus, if the space be one hundred miles, and the velocity five 
niles in a» hour, the time will he one hundred divided by fiye, 
which is twenty hours. 

116. What is meant by velocity f 117. To what ii the velocity ofa rooTjiv 
Irady proportional t 118. How is the velocity of a moving body determined^ 
lir one body go through six miles in an hoar, and another twelve, how does UN* 
^velocity of the latter compwe with that of the former? 119. What is meant 4v 
«lMolnte velocity f Give an ^example. 190. When Js the velocity of a bod^ 
lermed rebttive f Give an example. 131. How Is the velocity of a body neas- 
sred? Illnstrate this. 122. How do yoo asoertoin the time employediby.a 
body in motion i Illustrate this. 

2* 
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ISS. The space also may be ascertained by multiply- 
ing the velocity by the time. 

Ihtu if the yeloeity be five miles an hour, and tlie time twenty 
hoQjBf the space will be twenty multiplied by five, which is one 
^midred miles. 

124. There are three terms applied to motion to ex- 
press its kind ; namely, uniform, accelerated, and re- 
tarded motion. 

125. Uniform motion is that of a body passing over 
equal spaces in equal times. 

126. Accelerated motion is that in which the velocity 
jContintially increases as the body moves. 

' 127. Retarded motion is that in which the velocity 
decreases as the body moves. 

128. Uniform motion is produced by a force having 
acted on a body, and then ceasing to act. 

A ball struck by a bat, or a stone thrown from the hand, is in 
theory an instance of uniform motion ; and if both the attraction of 
gravity and the resistance of the air could be entirely removed, it 
would proceed onwards in a straight line, and with a uniform mo- 
tion for ever. But as gravity and the resistance of the air tend to 
deflect it, it in fact becomes an instance of accelerated or retarded 
motion. 

129. Accelerated motion is produced by the continued 
action of one or more forces. 

Thus, when a stone falls from a height, the impulse which it 
leeeives from gravity would be sufficient to brin^ it to the ground, 
with a uniform velocity^. But the stone while falling at this rate is 
■still acted upon by gravity with an additional force, which continnet 
to impel it auring uie whole time of its descent. 

130. It is found that during the first second it falls sixteen feet, 
three times that distance in the next, five times in tlie third, seven 
tunes in the fourth, and so on, regularly increasing its velocity ac- 
cording to the number of seconds consumed in fallmg. The height 
of a building, or the depth of a well, may thus be measured by ob- 
serving the length of tune which a stone takes in falUng from the 
top to the bottom. 

131. Retarded motion is produced when a body in 

128. How can yon Mcertain the apace f Illmtnite tbia. 124. How many 
tenna are applied to motion to expreaa ita kind .' What are they ? 126. What 
la oniform motion i 126. Accelerated ? 127. Retarded f 128. How ia unilbrm 
motion produced i Why is not a ball atruclt by a bat, or a stone tlirown flrom 
the hana, an instance of uniform motion f How can it be made an instance f 
129. How is accelerated motion produced t Give an instance of accelerated 
•notion. 130. How far does a stone fall the first second of time ? The second ' 
TUrd t Fourth f How can you measure the height of a building, or the depth 
oTaweU? 
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motion encounters a force operating in an opposite di 

rection. 

Thus when a stone is thrown perpendicularly upwards, the force 
of gravity is continually operating in tlie opposite direction, and at^ 
tracting it downwards to the earth. The stone moves upwards 
slower and slower, until the upward motion ceases, and the body 
returns with accelerated motion to the earth. It is found tliat when 
a body is thrown perpendicularly upwards, it takes the same length 
of time in ascending that it takes in descending. 

132. Perpetual motion has never yet been produced by art ; and 
there is reason to think, from the principles of mechanics, that such 
a movement is impossible ; for although in many cases of bodies 
acting upon one another, there is a gain of absolute motion ; yet thd 

fnJfi IS tilways equal in opposite directions, so that the quantity of 
ireet motion is never increased, fiut nature abounds with exam- 
ples of perpetual motion, as for instance, the motion of the heavcnljr 
bodies, described in the science of aatronomy. 

133. The momentum of a body is the force or power 
with which a moving body would strike against another 
body. 

134. The momentum of a body is measured by multi- 
plying its weight by its velocity. * 

135. Illustration. Thus, if a body weighing six pounds move at the 
rate of two miles in a second of time, its momentum may be repre- 
sented by six multiplied by two, which is equal to twelve. If a 
body weighing twelve pounds, move at the rate of four miles in 
the same time, its momentum will be represented by twelve, multi- 
plied by four, which is forty -eight. • 

The quicker a body moves, the greater will be the force with 
which it will strike against another body; so Uiat a small, light 
body may have a greater momentum than a large, heavy one, pro- 
vided its velocity be sufficiently great. For instance, the momen- 
tum of an arrow, shot from a bow, is greater than that of a stone 
thrown from the hand, if its velocity be greater. 

* The quantity of motion communicated to a body does not aflfbct the dura* 
tion of the motion. If but little motion be communicated, the body will move 
■lowly. If a great degrree be imparted, it will move rapidly. But in both cases 
the motion will continue until it ii destroyed by some external force. 



ISl. How is retarded motion produced t Give an example. ITow does the 
time of the ascent of a body thrown perpendicularly upward, compare witli 
that of its descent ? 132. Wiiy cannot periietual motion be produced f ISS. 
What is the momentum of a body ? 134. How can the momentum of a body be 
ascertained i Note. Does the quantity of motion communicaled to a body 
alTect the duration of the motion ! If but little motion is communicated, how 
will the body move f If a great degree ? How long will the motion continue i 
135. How can a liglit body be made to have a greater moiiieutum than a heavy 
one? Give an instance of (his* 
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136. By the aclion of bodies is meant the eifect which 
ihey produce upon other bodies. By reaction is meant 
the effect which they receive from the bodies on which 
they act. 

Thus, when a hody in motion strikes agrainst another body, it 
acts upon it, or produces aclion ; but it also meets with re%i8tance 
fi-om the body which is struck, and this resistance is the reaction of 
the body. 

137. Action and reaction are always equal, but in 
opposite directions. 

138. Experiments to show the mutual action and reaction of 
bodies, are made with both elastic and non-elastic 
bodies. [See J^o. 79, and the note connected with it.] Fif* S. 
Fi^. 3 represents two ivory balls, A and B, of equal ~ 
weight, &c. suspended by threads. If the ball A be 
drawn a little on one side and then let go, it will 
strike against the other ball B, and drive it off to 
a distance equal to that through which the first ball 
fell; but the motion of A will be stopped, because 

when it strikes B it receives in return a blow equal to that which it 
gave, but in a contrary direction, and its motion is thereby stopped, 
or, rather, given to B. Therefore, when a body strikes against an- 
otlier, the quantity of motion communicated to the second body is 
lost hy the first ; but tliis loss proceeds, not from the blow ^iven by 
the striking body, but from the reaction of the body which it struck. 

139. Fig. 4 represents six ivorj^ balls, of equal weight, suspended 
by threads. If ttie ball A be drawn out of the perpendicular, and let 
fall against B, it will communicate its motion to B, and receive a 
reaction from it which will stop its own motion. 

Bat the ball B cannot move without moving C, it fXg. 4. 

will therefore communicaite the motion which it ' 

received from A to C, and receive irom C a rcac* 
tion which will stop its motion. In like manner tlie 
motion and reaction are received bv eaeh of the 
balls, D, £, F; but as there b no ball beyond F to 
react upon it, F will fly off. 

N. B. This experiment can be accurately per- a BODE F 
formed by those bodies only which are perfectly 
elastic. 

140. Fig. 5 represents two balls of clay , (which are not 
elastic) ofequal weight, suspended by strings. If the ball 
D be raised and let fall against £, only part of the mo- 
tion of D win be destroyed by it, (because the bodies are 
Bon-elastic,and the two balls will move on together to _ 
d and e, which are less distant* from the vertical line e J 
than the ball D was before it fell. Still, however, ac- ~ 
tion and reaction are equal, for the action on £ is only enough to 

186. What Is meant by set ion? Reaotion.' IIlustFate thh. 1S7. How do 
jMtion and reaction compare ? Explqja Fig. Sd. Fig. 4Uu Fig, Mi. 
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make it move through a smaller space, but lo mach of Da motion 
is now also destrojea.* 

141. It is upon the principle of action and reaction, that birds are 
enabled to flj. They strike tlie air with their wings, and the reac« 
tion of the air enables them to rise, fall, or remain stationary at will, 
by increasing or diminishing the force of the stroke of their wings.t 

142. It is likewise upon the same principle of action and reaction, 
that fishes swim, or, rather, make their way through the water, 
namely, by striking the water with their fins.j 

143. Boats are Sso propelled by oars on the same principle, and 
the oars are lifted out of the water, after every stroke, so as com- 
pletely to prevent any reaction in a backward direction. 

144. The word reflected means turned back. Motion, 
therefore, which is turned back is called reflected motion. 

Thus, when a ball is thrown against a hard wall, it rebounds, or 
is turned back. This return of uie ball is called reflected motion, 
and it is caused by the reaction of the wall against which it struck. 
Reflected motion, therefore, is caused by reaction. 

145. As reflected motion is caused by reaction, and reaction is 
caused by elasticity , it follows that reflected motion is always great- 
est in those bodies which are most elastic. For this reason, a ball 
filled with air, rebounds better than one stuffed with bran or wool, 
because its elasticity is greater. For the same reason, balls made 
of caoutchouc, or India rubber, will rebound more than those which 
are made of most other substances. 

146. The word incident, means falling upon, or dt- 
rected towards. Incident motion, therefore, is motion 

* Figa. 3 and 4, ns has been explained on the preceding page, diow die eflbct 
of action and reaction in elastic bodies, and Fig. .6 shows the same effect in 
non-elastic bodies. When the elasticity ofa body is imperfect, an intermediate 
effect will be produced ; that is, the ball which is struck will rise higher than 
in case of non-elastic bodies, and less so than in that of perfbctiy elastic bodies ; 
and the striking ball will be retarded more than in the former case, but not 
■topped completely, as in the latter. They will, therefore, both move onwards 
after the blow, but not together, or to the same distance ; hot in this, aa in the 
preceding cases, the whole quantity of motion destroyed in the striking ball, 
will be equal to that produced in the ball struck. 

t The muscular power of birds is much greater In proportion to their weight, 
than that of man. If a man were flirnished with wings sufficiently large to 
enable him to fly, he would not have sufficient strength, or muscular power, to 
put them in motion. 

X The power possessed by fishes, of sinking or rising in the water, is greatly 
assisted by a peculiar apparatus furnished them by nature, called an air-bladder, 
by the expansion or contraction of which they rise or &ll, on the principle of 
specific gravity. 



141. Upon what principle do birds fly f Explain bow. 142. Upon what prin- 
ciple do fishes swim f 143. Upon what principle do boats move upon the water f 
Explain how. 144. What does the word reflected mean ? What is reflected 
motion? 145. In what bodies is reflected motion the greatest f Give an in- 
atance to Illustrate this. 146. What does the word incident, mean f What 
is Incident motion f What is reflected motion / What is the ball called that 
strikes against a wall f When it rebounds f 
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directed towards any particular object. Reflected mo* 
tloQ is the same motion turned back. 

When a ball strikes against a wall, it is called the incident ball } 
and when it rebounds from the wall, it is called the reflected balL 

147. The angle* of incidence is the angle formed by 

* As Ibis book may fall Into the hands of fome who are nnacqaointed widi 
the meaning of angle, perpendtcidar, the diYisions or a circle, Ac. a few explana- 
lions are hers sul^oliied. 

I. An angle is the opening made by two lines which meet together in a point. 
The size of the angle uepeads apnn tiie opealng> and not upon the length of the 
lines. 

3. A circle Is a perfectly ronnd llgnre, every 
nart of the outer edge of which is equally distent 
horn a point within, called the centre. (See 

5. The straight lines drawn from the centre 
lo the circumference are called radii. [Tke etn- 
gular number of thia word is raditu.] Thus, in 
Pig. 6, the lines CD, CO, CR, and CA, are radii. 

4. The lines drawn through the centre, and 
terminating In both ends at the circumference, 
are called diameters. Thus, In the same Figure, 
D A Is the diameter of the circle. 

A. The circumference of all circles is divided 
into S60 equal parts, called degrees. The diameter of a circle divides it into 
two equal parts of 180 degrees each. 

6. All angles are measured by the number of d^prees which they contain.' 
Thus in Fig. 6, the angle RCA as it inelndes one quarter of the circle, is a« 
angle of 90 degrees, which is a quarter of 360. And the an^es R C O and O C D 
are angles of 45 degrees. 

7. Angles of 90 cw^grees are right angles ; aogles of less than 90 degrees, acute 
angles, and angles of more than 90 degrees are called obtuse angles. Thus, in 
Fig. 6, R C A is a right angle, OCR acute, and OCA obtuse angles. 

8 A perpendicular line is a line which makes an angle of 90 degrees on each 
side of any other line or surface ; therefore, it will Incline neither to the one sld» 
nor to the other. Thus, in Fig. 6, R C is perpendicular to i> A. 

8. The tangent of a circle is a line which touches the eircumflsrence, without 
catting it when lengthened at either end. Thus, in Fig. 6, the line T Is a tao^ 
gent. 

10. A sqoare is a figure having four equal sides, and four equal angles. 
These will always be right angles. [See Figr. 8.] 

II. A parallelogram is a figure whose opposite sides are equal and parallel. 
[See Fiffa. 9 and 10.] A square is also a parallelogram. 

12. A rectangle is a parallttlogram whose angles are right angles. 

IS. The diagonal of a square, of a parallelofsram, or a rectangle, is a line 
drawn through either of them, and terminating at the opposite angles. Thus, 
in Figs. 8, 9 and 10, the line A C is the diagonal of the square, parallelogram, 
or rectangle. 

147. What Is the angle of incidence f {Note — 1. What is an angle i Upon 
what does the size of an angle depend f 2. What Is a circle f S. What am 
radii f Wlint lines in Fig. 6 are radii f 4. What are dinmeters ." In Fig. 6, 
what line is the diameter f 5. How is the circiim(«}rence of all circles divided f 
Into how many parts docs the diameter c^ a circle divide it ? 6. How are all 
■ogles measured f IIlu:itmte this by Fig. 6. 7. How many decrees do right 
angles contain.' Acute ? Ohiuse f Illustrate these angles by Fig. 6. R. What 
is a perpendicular line f What line is perpeudiculnr in Fig. 6 i 9. What is a 
tangent f What line is a tangent in Fig. 6.' 10. What is a square? II. 
What is a parallelogram ? 12. A rectangle I IS. What is a diagonal f What 
lines are diagonal in Figs. 8, 9, and 10 f ) Explain the angle of Incidence by 
%urs 7tb. 
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the line wrhich the incident body makes id its passage 
towards any object, and a line per- ^*«- ''• 

pendicular to the surface of the ob« ^*».^^ J 

ject. ^"*^*^ 

Thus, in Fig. 7, the line ABC reprcr ?, , ■ 

senU a wall, and P B a line perpendicaliir ^^^. 

to its surface. O is a ball movinffin the di- ^•'^'''' 
rection of the dotted line, O B. The angle ^ 
O B P is the angle of incidence. 

148. The angle of reflection, is the angle formed by 
the perpendicular, and the line made by the reflected 
body in its passage, from the surface against which it 
struck. 

Thus, in Figure 7th, the angle P BR is the angle of reflection. 

149. The angles of incidence and reflection are al- 
ways equal to one another. 

Thus, in Figure 7th, the angle of incidence, O B P and the an- 
gle of reflection P B R are equal to one another ; that is, they con- 
tain an equal number of degrees. 

150. From what has now been stated with regard tO' 
the angles of incidence and reflection, it follows, that> 
when a ball is thrown perpendicularly against an object, , 
it will return in the same direction ; but if it be thrown 
obliquely, it will return obliquely on the opposite side- 
of the perpendicular. The more obliquely the ball i» 
thrown, the more obliquely it will rebound.* 



SECTION V. 

Jlfec/^ittc«, or the Laws of Motion, continued, — Compound 

Motion, 

151. Compound motion is that which is caused by the 
operation of two or more forces at the same time. 

* It is from a knowledge of these Ikcts that skill is acquired in many dliferont 
sorts of games, as BiDiards, Ba^telle, &c. 



14B. What is the angle of reflection ? Illastrafe this by Fig. 7. 14«. How 
ao Hie angles of incidence and reflection compare with each other f Illnstrala 
this hy Fig. 7. 1£0. What follows from what has been stated with regard |o 
the angles of incidence and reflection. lAi. What is compound motion? 
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Fig. 9. 



152, When a body is struck by two equal forces in 
opposite directions, it will remain at rest. 

153. A body struck by two forces in different direc- 
tions, will move in a line between them. This line will 
be the diagonal of a parallelogram, having for its side 
the lines through which the body would pass, if actuated 
by each of the forces separately, 

154. lUuitration lit. Fig. 8 repreeents a btll struck by the two 
equal forces, X and Y. In this figure, the forces are inclined to 
each other at an ansle of 90 decrees, or a right FiS* &. 
anffle. The force A would send it from C to B, j^ ^^ 
.and the force Y woald send it from C to D. As ^ y 
it cannot obey both, it will go between them to A, 
and the line C A, tlirough which it passes, rep- 
resents the diagonal of the square, A B C D. 
The time occupied in its passage from C to A will 
be the same as the force X would require to 
send it to B, and the force Y to send it to D. 

155. llluitration2d. If the two forces acting 
on a body arc unequal, but still operate at right 
angles to each other, the body will move from 
G to A as represented in Fig. 9 ; in which it is 
to be observed that the force Y is as much 
greater than the force X, as the length of the 
side A B of the rectangle A B C D , exceeds 
the length of the side C B. 

156. Illustration 3d. When two forces op- 
<erate in the djrection of an acute angle, [See 
Fig, 10,1 the body will move, as represented 
by C A in the parallelogram A B C D. 

A * B 

lUtutration 4th. If the forces operate in the direction of an ob- 
tuse angle, the body will move as represented by D B in the same 
figure. 

157. Circular motion, is motion in a circular direc- 
tion, and is caused by two forces operating at the same 
time, by one of which it is projected forward in a 
straight line, while by the other it is deflected towards a 
fixed point. 

152. In what direction will a body, struck by two equal forces in opposite 
directions, move f 153. In different directions? What is this line called f Illus- 
trate these first, bv Fig. 8, which represents a ball struck by two equal (brces 
in different directions. Second, by Fig. 9, which represents a ball struck by 
two unequal forces, acting at right angles. Third, by Fig. 10, where the forces 
. operate in the direction of an acute angle. Fourth, oy Fig. 10, where the 
. forces operate in the direction of an obtuse angle. 157. What is circular mo- 
' tion r How is it caused f 




Fig. 10. 
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158. Ilhu^traJtwn, The whirling of a bally^fastened to a striiijg 
held by the hand, is an instance of circular motion. The ball is 
actuated by two forces, namely, the force of projection, and the 
string which confines it to the hand. The two forces aet at right 
angles to each other, and (according to Jio, 153,) the ball will mofe 
in the diagonal of a parallelogram. But, as the force which con- 
fines it to the hand only keeps it within a certain distance, withouti 
drawing it nearer to the hand, the motion of the ball will be through 
the diagonals of an infinite number of parallelograms, finrmed By 
every [Mirt of the circle. 

159. The centre of motion is the point around which 
all the parts of a body move. When the body is not 
of a size or shape to allow every point to revolve in the 
same plane, the line around which it revolves is called 
the axis of motion. The centre or axis of motion is not 
always in the middle of a body. 

160. The force which confines a body to the centre 
round which it moves, is called the Centripetal* force. 
The force which compels a body to fly ofif from the 
centre, is called the Centrifugal* force. These are 
called central forces. 

161. If the centrifugal force of a revolving body be 
destroyed, the body will immediately approach the cen* 
tre which attracts it ; but if the centripetal force be 
destroyed, the body will fiy ofiT in the direction of a tan<- 
gent of the circle which it described in its motion. 
[See Fig. 6.] 

162. Illustration. If a mop filled with water be turned swiftly 
round by the handle, the tlireads which compose the head will fly 
off from the centre ; but being confined to it at one end, they can- 
not part from it; whilst the water they contain, being unconfioed, 
is thrown off in straight lines. 

163. The middle point of a body is its centre of magr 
nitude. 

164. The centre of gravity is the point about which 
all the parts balance each other. 

* The word ceniripettU means seeking the centre, and eentrifUgei rteans 
flying fl>om the centre, rn circular motioDt these two ibrees conjitiuiitly balaima 
each other ; otherwise the revolving body will either approach the centre or 
recede firom it, according as the centripetal or centrifhgal force is the stronger*. 

158. Illustrate this. 159. What is the centre of motion? What la the axis of 
motion f 1€0. What ii^ the centripetal force ? What is the centrifiigcl force ? 
What are the centripetal and centrifogal forces called f 161. What woqid 
be the consequence if the centrifogal and centripetal forces were destroyed, 
or did not balance each other? What is the meaning of the words eeatripetsl 
and centrifugal ? 163. What is the centre of magnitude f 164. What is the oeiir 
tre of gravity t 

3 
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165. The centre of motion is generally supposed to 

be at rest. 

Thus the azb of a ipinning top is statioDary, while every other 
part is in motion around it. The axis of motion and the centre of 
motion are terms which reUte only to circular motion. 

166. Those parts of a body which are farthest from 
the centre of motion, move with the greatest velocit;^ ; 
and the velocity of all the parts diminishes, aa their dis- 
tance from the axis of motion diminishes. 

167. Ilhistration tst. Fig. 11 represents the vanes of a wind- 
mill. The circles denote the paths m which the diiferent parts of 
the vanes move. M is the centre or axis of Fig. 11. 
motion around which all the parts revolve. 
The outer part revolves in the circle D £ F 
Gy another part revolves in the circle H I J 
K, and the inner part in the circle L N O P. 
Consequently, as they all revolve around M 
in the same time, tiic velocity of the parts 
which revolve in the outer circles D £ F 6 
and H I J K is as much greater tlian the 
▼elocity of the part which revolves in the 
imier circle, L N O P, as the outer circles 
are larger than the inner ones. 

168. As the earth revolves round its axis, it follows, from the 
precedin|r illustration, that the portions of the earth which move 
most rapidly are nearest to the equator, and that the nearer any 
portion of the earth is to the poles, the slower will be its motion. 

169. Motion, either in a circle or ellipsis, or any 
other curve line, must be the result of the action of two 
forces ; for, the impulse of one single force always pro- 
duces motion in a right or straight line. 

170. A ball thrown in a horizontal direction is in- 
fluenced by three forces ; namely, first, the force of 
projection, (which gives it the horizontal direction ;) 
second, the resistance of the air through which it 
passes, which diminishes its velocity, without changing 
its direction ; and third, the force of gravity which 
finally brings it to the ground. 




166. Is the centre of motion sappmed to be at rest, or does it move ? To 
what do the terms centre of motion and axis of motion relate? 166. What 
parts of a l>ody move with the greatest velocity f In what proportion does 
the velocity of all the parts diminish i Wimt does Fig. 11 represent f What 
Ibllowa with regard to the motion of the earth, flrom the illustration of 
Fig. 11?' 169. Of what is motion in a circle or cnrve line always the 
result ? VITby f 170. How many forces act upon a ball thrown in a horizontal 
dlreeti<m P 
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The force of projection is jmdaaUj overcome by the power of 
gravity, and the resistance of the air, and the body is brought to 
the ground. 

171. The stronger the projectile force, the farther 
the body will go before it falls. 

For this reason, a shot fired from a cannon will go much farther 
than a stone thrown from the hand* 

1 72. Illustration. Fig. 12 represents a cannon, loaded with a ball, 
and placed on the top of a tower, at such a height as to require just 
three seconds for another ball to de- pig. 12. 

scend perpendicularly. Now sup- 
pose the cannon to be fired in a hor- 
izontal direction, and at the same 
instant the other ball to be dropped 
toward the ground. They will both 
reach the horizontal line at the base 
of the tower at the same instant. In 

this figure a represents the perpen- ^ - — . -^ 

dicular line of the falling ball. C b the curvilinear path of tho 
projected ball, 3 the horizontal line at the base of the tower. Dur- 
ing the first second of time, the falling ball reaches 1, tlie next 
second 2, and at the end of the third second it strikes the ground. 
Meantime, that projected from the cannon, moves forward with 
such velocity, as to reach 4 at the same time that the falling ball 
reaches 1. But the projected ball falls downward exactly as fast as 
tlie otlier, since it meets the line 1 4, which is parallel to the hori- 
zon, at the same instant. During the next second the ball from 
the cannon reaches 5, while the other falls to 2, both having de- 
scended through the same space. During the third second the pro- 
jected ball will have spent nearly its whole force, and therefore its 
downward motion will be greater while tlie motion forward will be 
less than before. 

173. From hence it appears that the horizontal motion does not in 
the least interfere with the action or the effect of gravity ; but that 

* The action of gravity being always the same, the shape of the curve of every 
projectile {See No. 39,) depends on the velocity of its motion. But, vrhether 
this velocity be great or small, the moving body, if thrown horizontally from 
the same elevation, will reach the ground at the same insinnt. Thus a ball 
from 8 cannon, with a charge sulHcient to throw It half a mile, will reach the 
ground at the same instant of time that It would, had tlie charge been sulHclent 
to throw it one, two, or six miles, from the same elevation. The distance to 
which a ball will be projected, will depend entirely on the force with which it 
is thrown, or on the velocity of its motion. If it moves slowly, the distance 
will be short — if more rapidly, the space passed over in the same time will be 
greater; but in both cases the descent of iheball towards the earth, in t^e same 
time, will be the same number of feet, whether it moves fast or slow, or even 
whether it move forward at all, or not. 



Wliat are they? Wliy do bodies fall to the ground f 171. Why do some 
bodies go further than others before they fall i What does Fig. 12 represent f 
Ifote — Upon what does the shape of the curve of every projectile depend ? 
Does the time of the descent, if thrown horizontally, depend upon the velo. 
city ? II 'istrate tliis. Upon what does the distance, to which a ball may be 
projected, depend .^ What follows from this ? 
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the DTOjectile descends with the same rapidity while moving for- 
wara that it would if its motion were perpendicular to the horizon. 
This is the neccssaiy result of the action of two forces^according to 
the principle stated m No. 153. 

174. A projectile is any body throwa into the air, as 
a rocket, a ball from a gun, or a stone from the hand. 

175. On account of the force of gravity and the re- 
sistance of the air, projectiles form a curve line both in 
their ascent and descent, and their motion is gradu- 
ally changed in their destent from a horizontal to a per- 
pendicular direction. 

176. Illustration, In Fig. 13 the force of projection would cany 
a ball from A to D, while gravity would bring it to C. If these two 
forces alone prevailed, the ball would Fig. is. 

proceed in the dotted line to B (accord- 
111^ to the principle stated in number 
ISbo.) But as the resistance of the air 
operates in direct opposition to the force 
of projection instead of reaching the 
ground at B, it will fs\\ somewhere 
about E. EG 

It is calculated that the resistance of the air to a cannon ball of 
two pounds weight, with the velocity of two thousand feet in a 
second, is more than equivalent to sixty times the weight of the 
ball. 

177. When a body is thrown upward obliquely , its 
course will be in the direction of a curve-line, called a 
farabola* [Sec Fi^, 14.] but when it ^^- ^*' 
IS thrown perpendtctdarly upward, it ^ 

will descend perpendicularly, because 
the force of projection and that of grav- 
ity are in the same line of direction. 

* The science of gunnery is founded upon the laws relating to projectiles. 
The force of gunpowder is accurately ascertained, and calculations are predica- 
ted upon these principles, which enable the engineer to direct bis guns in such 
a manner as to cause the fall of the shot or shells in the very spot where he in- 
tends. The knowledge of this science saves an immense expeniditure of ammu- 
nition, which would otherwise be idly wasted without producing any efibct. In 
attacks upon towns and fortifications, fhe skilful engineer knows the means he 
has in his power, and can calculate, with great precision, their effects. It is in 
this way that the art of war has been elevated into a science, and much is made 
to depend upon skill, which, previous to the knowledge of these principles, de- 

174. What is a prqiectile i 175. What line do projectiles form in their de- 
scent f Why is the direction of their motion grfMlnally changed (torn a hori- 
zontal to a perpendicular direction f Illustrate this by Fig. 13. How great is 
the resistance of the air calculated to be to a cannon ball of two pounds wei^it, 
with the velocity of 2000 fbet in a second ? 177. In what direction will a body 
move, when it is thrown upward obliquely f When will a ball descend in the 
same direction in wUch it ascended f Why ? 
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178. The random of a projectile is the horizontal dis- 
tance from the place wiience it is thrown, to the place 
where it strikes. The greatest ran- 
dom takes place at an angle of 45 ^* ^^ 
degrees — that is, when a gun is 
pointed at this angle with the horizon, 
the bail is thrown to the greatest dis- 
tance. 

Fig. 15 represents a gun or a carronade, 
from which a ball is thrown at an angle of 45 
degrees with the horizon. 

179. When the centre of gravity of a body {See No, 
164) is not supported, the body will fall. 

180. The base of a body is its lowest side. The 

pended entirely upon physical power. It is likewise by the same means that 
wars are rendered much less sanguinary In modern times. Tlie force with 
which balls are thrown by gunpowder is measured by an instrument called the 
BaJliatic pendulum. It consists of a large stock of wood suspended by a rod in 
the manner of a pendulum. Into Uiis block the balls are fired, and to it they 
communicate their own motion. Now the weight of the block, and that of the 
ball being known, and the motion or velocity of the l)lock being determined by 
machinery, or by observation, the elements are obtained by which the yelocity 
of the ball may be (bund ; for, the weiffht of the ball i» to the weiffht of the 
block as the velocity of the block is to the velocity of the ball. By this simple 
apparatus, many facts relative to the art of gunnery may be known. If the ball 
be fired at dKTerent distances, from the same gun, it will be seen how much re> 
sistance the atmosphere opposes to its force at such distances. Rifles and guns 
of smooth bores may be tested, as well as the various charges of powder best 
adapted to diflbrent distances and different guns. These, and a great variety of 
other experiments, useful to the practical gunner or sportsman, may be made 
by this simple means. 

With respect to the velocity of balls impelled by gunpowder, it has been 
found that, with a common charge, from a musket, this is about 1650 feet per 
second, when first discharged. The utmost velocity that can be given to a cau> 
non ball, is 2000 feet per second j and this only at the moment of its leaving 
the gun. 

In order to increase the velocity ttom 1650 to 2000 fbet, one half more powder 
is required ; and even then, at a long shot, no advantage is ^incd ; since, at the 
distance of 500 yards, the greatest velocity that can be obtained is only 1200 oir 
1300 fbet per second. Great charges of powder are therefore not only useless, 
but dangerous ; for, though they give little additional force to the ball, they 
hazard the lives of many by their bursting power. 

Experiment has also shown, that, although long guns give a greater velocity 
to the shot than short ones, still, that on the whole, short ones are preferable ; 
and, accordingly, armed ships are now almost invariably furnished with short 
funs, called carronades. 

The length of sporting guns has also been greatly reduced, of late years. For- 
merly, the barrels were from four to six fbet in length ; but the best fiiwling 
pieces of the present day have barrels of two fbet, or two and a half, only, in 
length. Guns of about this length are now universally employed for such game 
as woodcocks, partridges, grouse, and such birds as are taken on the wing, with 
Uie exceptions of ducks and wild geese, which require longer and heavi«r guns. 

178. What is the random of a projectile f At what angle does the greatest 
muidom take place ? 179. When will a body foil t 180. What is the base of a 
body f In Figs. 16 and 17, what represents the base ? 181. When will a body 
stand? When wiU it foil? Illustrate thU by Fig. 17. What follows from this ^ 

3* 
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base of a bodj standing on wheels or p^^ j^ 

]eg8, is represented by lines drawn ^ 
from the lowest part of one wheel or 



leg, (o the lowest part of the other n| I 

wheel or leg. |l L 

ThiM) in Figures 16 and 17, D £ lepresenta ■ \^ ^ 

the base of the wagon and of the table. 

181. Whenever a line drawn from the centre of 
gravity and perpendicular to the horizon falls within 
the base of a body, the body will stand, but when that 
line falls outside of the base, the body will fall or be 
overset. This line is called the line of direction, be- 
cause it is the line which the centre of gravity would 
describe, if the body were suffered to fall. 

162. lUuitration. Fi^. 17 represents a loaded wagon on the de- 
clivity of a hill. The hne C F represents the horizon. D£ the 
base of the wagon. If the waffon be loaded in 
such a manner that the centre of ^vity be at B, Fig- 17. 

the perpendicular B D will fall within the base, 
and the wagon will stand. But if the load be al- 
tered so that the centre of gravity be raised to A, 
the perpendicular AC will fall outside of the base, 
and the wagon will be overset From this it fol- 
lows that a wagon, or any carriage, will be most 
firmly supported when the centre of gravity falls 
exactly between .the wheels; and that is the case 
on a level road. The centre of gravity, in the human body, is be- 
tween the hips, and the base is the feet. 

So long as we stand uprightly, the line of direction falls within 
this base. When we lean on one side, the centre of gravity, not 
being supported, we no longer stand firmly. 

iS. A rope-dancer performs all his feats of agility by dexterously 
supporting the centre of gravity. For this purpose he carries a 
heavy pofe in his bands, which he shifls from side to side as he 
alters his position, in order to throw the weight to the side which 
]8 deficient ; and thus, by changing the situation of the centre of 
gravity, he keeps the line of direction within the base, and he will 
Bot fall.* 




* The sbepherds in the sontli of Francs aflbrd an fnteresting instance of the 
application or the art of balancing to the common business of life. These men 
walk; on stilts from three to four fi$et high, and their children, when quite young,' 
are taught to practise the same art. By means of these odd additions to the 
length of the leg, their feet are kept out of the water, or the heated sand, and 
they are, also, enabled to see their sheep at a greater distance. They use these 
stilts with great skill and care, and run, Jump, and eyen dance on tbem^tb 
great ease. 



"Where is the centre of gravity in the human body i Where Is tbe 
183. How is U that rops-dancers per(brm their feats of agility f 
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184. A spherical bodj will roll down a slope, because 
the centre of gravity is not supported."*^ 

185. When a body is of uniform density, the centre 
of gravity is in the same point with the centre of magni- 
tude. 

When one part of the body is composed of heavier materials than 
another part, the centre of gravity, (being the centre of the weight 
of the body,) no longer corresponds with the centre of magnitude. 
Thus the centre of gravity of a cylinder plugged with lead, is not 
in the same spot as uie centre of magnitude. 

186. Bodies, therefore, consisting of but one kind of substance, 
as wood, stone, .or lead, and whose densities are consequently uni- 
form, will stand more firmly, than bodies composed of a variety of 
substances, of different densities. 

187. Bodies that have a narrow base are easily over- 
set ; for if they are in the least degree inclined, the line 
of direction will fall outside of the base, and their cen- 
tre of gravity will not be supported.f 
< 188. The broader the base, and the nearer the cen- 
tre of gravity to the ground, the stronger will be the 
edifice. 

For this reason a pyramid, t having a broad base and but little 
elevation, is the firmest of all structures. 

189. When two bodies are fastened together, they 
are to be considered as forming but one body, and. have 

* A cylinder can be made to roll up a slope, by plaguing one aide of it with 
lead; the body being no longer of a uniform density, the centre of gravity is re- 
moved firom the middle of the body to some point In the lead, as that substance 
Is much heavier than wood. Now, in order that the cylinder may roll dowQ 
the plane, as it is here situated, the centre of gravity must rise, which is Impos- 
sible -, the centre of gravity mtwt always descend In moving, and will descend 
by the nearest and r^iest means, which will be by forcing the cylinder up the 
slope, until the centre of gravity Is supported, and then It stops. 

t A person can carry two pails of water more easily than one, because they 
balance each other, and the centre of gravity remains supported by the feet. 
Bnt a single pail throws the centre of gravity on one side, and renders it more 
difficult to support the body. 

{ A cone has also the same degree of stability ; but, strictly speaking, a come 
la a pyramid with an infinite number of sides. 



184. ^l^y^ splimica] bodies roll down slopes f Howcsoi a cylinder be 
made to roll up a slope f How does this aflTect It f 185. Where is iKe oenCrs 
of gravity in a body of unUbrm density f Do the centre of gravity and the cea 
tre of magnitude correspond when one part of a body is composed of heavier ma 
terials than another f 186. What bodies must stand more firmly than others ? 
Why f 187. Why do bodies which have a narrow base overturn more easily 
than those which have broad bases f Why can a person carry two pails of 
water mere easily than one ? 188. Why is a pyramid the firmest of all struc- 
tares f 189. If two bodies of equal weight are fostened together, where ia Hit 
omtre of gravity ? If one be heavier than the other f 



» 
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Fig. 18. 



W 



If 



but one centre of gravity. If the two bodies be of equal 
weight, the centre of gravity is in the middle of the line 
which unites them. But if one be heavier than the 
other, the centre of gravity is as much nearer to the 
centre of the heavier one than to that of the lighter one, 
as the heavier exceeds the light one in weight. 

190. IHustrathn. Fig. 18 represents a 
rod or pole with an equal weight fastened 
at each end : the centre of gravity is at A, 
the middle of the rod, and whatever sup- 
ports tills centre will support both the bodies 
and the pole. 

191. Fig. 19 represents a rod or pole 
with an unequal weight at each end. The 
centre of gravity is atC nearer to the larger 
body. 

Fig. 20 represents a rod or pole with 
unequal weights at each end, but the larger 
weight exceeds the less in such a degree 
that tlie centre of gravity is within the 
larger body at C. 



Fig. 19. 




Fig. 20. 




W 



SECTION VI. 

Residtafit Motion. 

192. Resultant motion is the eflfect or result of two 
motions resolved into one. 

193. lUustrctiion. If two men be sailing in two boats, in the 
same direction, and at the same rate, and one toss an apple to the 
otlier, the apple would appear to pass directly across from one to 
tlie other, in a line of direction perpendicular to the side of each 
boat. But its real course is through the air in the diagonal of a 
parallelogram, formed by the lines representing the course of each 
Doat, ana perpendiculars drawn to those lines from tlie spot where 
each man stands as the one tosses and the other catches the apple. 
In Fig. 21 the lines A B and C D represent the 
course of each boat; E is the spot where the 
man stands who tosses the apple ; while the ap- 
ple is in its passage, the boats have passed from 
£ and G to H and F respectively. But the ap- ^ 
pie having a motion with the man that would 
carry it from £ to H and likewise a projectile 



Fig. 21. 
G F 



E H 



What does Fig. 18 represent? Fig. 19? Fig. 20 f 192. Of what is resultaat 
motion the effect f What illnstration is given r Explain by Fig. 21. 
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• 

force which would carry it frqm E to G, cannot obey them both, 
but will pass through the dotted line £ F, which is the diagonal of 
the parallelogram £ G F H, according to the principle in No. 152. 

194* On the principle of resultant motion, if two ships in an en- 
gagement be sailing before the wind, at equal rates, the aim of the 
gunners will be ezacUjr as though they both stood still. But if the 
gunner fire from a ship standing still, at another under sail, or a 
sportsman fire at a bird on the wing, each should take his aim a 
little forward of the mark, because the ship and the bird will pass & 
little forward while the shot is passing to them. 



SECTION VII. 
The Pendultm. 

195. The PeDdulum ^ consists of a weight, or ball of 
metal, suspended by a rod, and made to swing back- 
wards and forwards. 

196. When a pendulum swinss, it is said to vibrate, 
and its movements are called vtbrcUioihs. The part of 
a circle through which it moves, is called its arc. The 
attraction of gravity causes its vibrations. 

197. The vibrations of pendulums of equal length, 
are very nearly equal, whether they move through a 
greater or less part of their arcs. 

* The pendulain was invented by Galileo, a great astronomer of Florence, in 
the beginning of the seventeenth century. Perceiving that the chandeliers sus- 
pended from the ceiling of a lofty church vibrated long and with great unilbrmi- 
aas they were moved by the wind or by any accidental disturbance, he was 
to inquire into the cause of their motion, and this inquiry led to the invention 
of the pendulum. From a like apparently inconsiderable circumstance arose 
the great discovery of the principle of gravitation. During the prevalence of the 
plague, m the year 1665, Sir Isaac Newton retired into the country to avoid the 
^ntagion. Sitting in his orchard, one day, he observed an apple fall from a tree. 
His inquisitive mind was Immediately led to consider the cause which brought 
the apple to the ground, and the result of his inquiry was the discovery of that 
grand principle of gravitation {See Not. 86, 87) which may be considered as the 
first and most important law of material nature. Thus, out of what had been 
before Uie eyes of men, in one shape or another, from the creation of the world, 
did these philosophers bring the most important results. 

xl^: ?^Tr?** ^^ * Pendulum consist ? 196. When is a pendulum said to 
Tibrate .' What are its movements called f What is meant by its arc .? What 
causes lU vibrations .> 197. How do the vibrations of pendulums of equal length 
compare.' Illustrate by Fig. 22. By whom was the pendulum invented .' What 
Sl^.-^i?w <*i»covery? By whom was the principle of gravitation dis- 
covered ? What led him to the discovery i 
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198. Illustration. In figure 23 A B re- Fif. 22. 
presents a pendulum. D E F C the arc in ■■ ^ 
which it vibrates. If the pendulum be 
raised to £ it will return to F, if it be raised 
to C it will return to D in nearly the same 
length of time, because that in proportion 
as the are is more extended, the steeper 
are its beginnings and endings, and, there- 
fore, the more rapidly will it fall. 

199. The time occupied in the vibration of a pendu- 
lum, depends upon its length. The longer the pendu- 
lum, the slower are its vibrations. 

200. The length of a pendulum which vibrates sixty 
times in a minute (or, in other words, which vibrates 
seconds) is about 39 inches. But in different parts of 
the earth this length must be varied. A pendulum to 
vibrate seconds at the equator must be shorter than one 
which vibrates seconds at the poles. 

201. A clock is regulated by lengthening or shortening 
the pendulum. By lengthening the pendulum, the clock 
is made to go slower ; by shortening it, it will go faster. 

The pendulum of a, clock is made longer or shorter, bv means 
of a screw beneath the weight or ball of the pendulum. The clock 
itself is nothing more than a pendulum connected with wheel-work, 
BO as to record the number or vibrations. A weight is attached, in 
order to counteract the retarding effects of friction, and the resist- 
ance of the air. The wheels show how many swings or beats of 
the pendulum have taken place in a given time, because, at every 
beat, the tooth of a wheel is allowed to pass. Now if this wheel 
have sixty teeth, it will turn round once in sixty vibrations of the 
pendulum, or in sixty seconds; and a hand, fixed on the axis of the 
wheel projecting through the dial plate, will be the second hand of 
the clock. Other wheels are so connected with the first, and the 
number of teeth in them is so proportioned, tliat the second wheel 
turns sixty times slower than the first, and to this is attached the 
minute hand ; and the third wheel, moving twelve times slower 
tlian the second, carries the hour hand. On account of the expan- 
sion of the pendulum by heat, and its contraction by cold, clocks 
will go slower in summer than in winter, because the pendulum is 
thereby lengthened at that season. 

202. A watch differs from a clock, in having a vibrating wheel 

199. Upon what does the time of the vibrations ofa pendulum depend f 200. 
What is the length of a pendulum which vibrates sixty times in a minute f Do 
diffbrent situations afibct the vibrations ? How can a pendulum which Tibntes 
seconds at tlie equator be made to vibrate seconds at the poles i 201. How is 
a clock regulated i What etfyei hns the lengthening of the pendulum f The 
shortening i What is a clock f Of what use is the weight I What do the 
wheels show i Why do clocks go slower in snmmer than in winter f 202. How 
does a watch differ from a clock } 
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instead of a pendulum. This wheel is moved by a spring, called 
the hair spring, llie place of the weight is supplied by another 
larger spring, called the tnam spring. 



SECTION VIII. 
The Mechanical Powers. 

203. The mechanical powers are certain contrivances 
designed to increase or diminish force, or to alter its 
direction. 

204. There are five things which are to be considered, 
in order to understand the power of a machine, namely : 

First, the power that acts. 

Secondly, the resistance which is to be overcome by 
the powers. 

Thirdly, the centre of motion, or, as it is sometimes 
called, the fulcrum, (which means a prop or support.) 

Fourthly, the respective velocities of the power and 
the resistance ; and, — 

Fifthly, the instruments employed in the construction 
of the machine. 

205. lUustraUon. The power that acts is the muscular strength 
of men, or animals, the weight and momentum of solid bodies, the 
elastic force of steam, springs, the pressure of the air, &e. 

The resistance to be overcome is the attraction of gravity, or of 
cohesion, the inertness of matter, &c. 

The centre of motion, or the fulcrum, is the point about which 
all the parts of the body move. 

The velocity, as has already been explained, is represented by the 
time occupied in producing a certain enect. 

The instruments are the mechanical powers which enter into the 
construction of the machine. 

206. There are six mechanical powers, namely, the 
Lever, the Pulley, the Wheel and Axle, the Inclined 
Plane, the Wedge, and the Screw. 



209. What are the mechaafcal powers f 204. How many things are to be 
eonsldered in order to undenstand clie power of a machine ? What is the first f 
Seeond i Third f Fourth f Fifth f 205. What is the power that acts f 
What Ui the resistance to be overcome f What is the ftilcrum ? What fai 
tho Telocity f 206. How many mechanical powers are there ? What are 
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207. The Lever* is an inflexiblef bar, movable on a 
folcrum, or prop. 

208. There are three kinds of levers, called the first, 
second, and third kinds, according to the respective 
position of the fulcrum, the power and the weight. 

209. In a lever of the first kind, the weight is at one 
end, the power at the other, and the fulcrum between 

them. 

210. JIhutratwn, Fig. 23 represents a simple lever of the first 
kind, resting on the falcram F, and p|g, ^^ 
movable upon it. W is the weight 

(or heav J stone) to be moved, and P 
is the power (or hand) which moves 
it. The advantage gained in the ase 
of this kind of lever is in proportion 
as the distance of the power from the 
fulcram exceeds that of the weight 
from the fulcrum. Thus, in this fig- 
ure, if the distance between P and r be double that between W and 
F, then a man, by the exertion of a force of 100 pounds with the 
lever, can move a weight of 200 pounds. From this it follows that 
the nearer the power is applied to the end of the lever most remote 
from the fulcrum, the greater is the advantage gained. Thus, in 
the same figure, a greater weight can be moved by the same power, 
when applied at B, than wlien it is exerted at V.X 

* The lever is made in a great variety of forms, and of many different mate 
liala. 

f By an inflexible bar is meant one whidi will not bend. The Ailcmm, or 
prop, is likewise constructed in a variety of ways. Sometimes it is merely a 
stone on which a lever in the form of a crowbar rests. Sometimes it is a pin 
passing through the lever, &c. 

j; It is a fiindamental principle in mechanics that what is gained in power is 
lost in time. [See No. 117.1 To illustrate this principle, (Fig. 24) W represents 
the weight, F the ftilcrum, P the power, and the 
bar W F F the lever. To raise the weight W to Fig. 24. 

tr, the power P must descend to p. But as the 
radius of the circle in which the power P moves 
is double that of the radius of the circle in which 
the weight W moves, the arc P ;? is double the arc 
W to; or, in other words, the distance V p \m 
double the distance of W vo. Now, as these dis- 
tances are traverse in the same time by the pow- 
er and the weight respectively, it follows that the 
velocity of the poww must be double the velocity 
of the weight ; that is, the power must move at 
the rate of two feet in a second, in order to move 
the weight one foot in the same Ume. 

This principle applies not only to the lever, but 

207. What is a lever ? 208. How many kinds of levers u« there ? How do 
they diflbr ? 209. What is a lever of the first kind ? 210. What figure illustrates 
this ? Explain it by the figure. To what is the advantage, gained by this lever, 
proportional i What fbllows firom this f What is meant by an Inflexible bar i 
Note, What is a fandamenul principle in mechanics f Illustrate this by the 
flfure. Boca this principle apply to all the mechanical powers f 
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211. A balance, or pair of scales, is a lever of the first kind, with 
equal arms. Steelyards, scissors, pincers, snuffers, and a poker used 
for stirring the fire, are all levers of the first kind. The longer the 
handles of scissors, pincers, &c., and the shorter the points, the 
more easily are they used. 

212. A hammer lever Fig. 25. 
differs only in form from 
levers of the first kind.^ A 
compound lever consists 
of several levers, so ar- 
ranged that the shorter 
arm of one may act on the longer arm of the other. (See Fig. 25.) 

213. In a lever of the second kind, the fulcrum is at 
one end, the power at the other, and the weight be« 
tween them. 

214. Illustration. Fig. 26 represents a lever of the second kind. 
F is the fulcrum, P the power, and W the pj_ ge. 
weight. The advantage gained by a lever of 
this kind is in proportion as the distance of the P , 
power from the fulcrum exceeds that of the 
weight from the fulcrum. Thus as this figure 
of me distance from P to F is four times the 
distance from W to F, then a power of one pound 
at P will balance a weight of four pounds at W. 

This kind of lever explains the manner in which two persons, 
carrying a heavy burthen, (as, for instance, a cask upon a pole,) 
may be made to oear unequal portions of it, by placing it nearer to 
the one than the other. 

215. Two horses, also, may be made to draw unequal portions of 
a load, by dividing the beam attached to the carriage in such a 
manner that the weaker horse may draw upon the longer end of 
the beam. 

216. Oars, rudders of ships, doors turning on hinses, and cutting- 
knives, which are fixed at one end, are constructed upon the prin- 
ciple of levers of the second kind.* 

to all the medianical powers, and to all machines- constructed <mi mechanical 
principles. 

When two weights are equal, and the fulcrum is placed exactly in the centre 
of the lever between them, they will mutually balance each other ; or, in other 
words, the centre of gravity being supported, neither of the weights will sink. 

To make the lever act as a mechanical power, the fulcrum must be placed 
near the weight to be moved, and the power or hand at the greater distance 
from it. The force of the lever, therefore, depends on its length, together witk 
the power applied, and the distance of the weight (Irom the flilcrum. 

* It is on the same principle that, in raising a window, the hand should be 
applied to the middle of the sash, it will then be easily raised; whereas, if the 
hand be applied nearer to one side than the other, the centre of gravity being 

JTote, When two weights are equal, where is the ftalcnim f How must the 
ftalcrum and power be placed, to make the lever act as a mechanical power f 
Upon what does the fbrce of the lever depend ? 211. Give some examples of 
levers of the first kind. 213. What is a lever of the second kind i 214. What 
figure illustrates this f To what is the advantage gained, by this lever, propor* 
tional .' 216. Give some examples of levers wt the second kind. 

4 
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317. In a lever of the third kind, the fulcrum is at 
one end, the weight at the other, and the power is ap- 
plied between them. 

218. In levers of this kind the power must always exceed the 
weight, in the same proportion as the distance of the weight from 
therulcmm exceeds mat of the power from the fulcrum. 

219. Fig. 27. F is the fulcrum, W the weight, and P the power 
between me fulcrum and the weight ; ana the pj. ^^ 
power must exceed the weight in the same pro- 
portion that Uie distance between W and F ex- f 
oeeds the distance between P and F. 

A ladder which is to be raised by the strength . 

of a man's arms, represents a lever of this kind, I 

where the fulcrum is that end> which is fixed w 

against the wall : the weight may be considered w 

as at the top part of the ladder, and the power is the strength ap- 
plied to the rearing of it. 

220. The bones of a man's arm, and most of the movable bones 
of animals, are levers of the third kind. But the loss of power in 
Umbs of animals is compensated by the beauty and compactness of 
the limbs, as well as the increased velocity of their motion. The 
wheels, in clock and watch work, and in various kinds of machine- 
ry, may be considered as levers of this kind, when the power that 
moves them acts on the pinion, near the centre of motion, and the re- 
sistance to be overcome acts on the teeth at the circumference. But 
here the advantage gained is the change of slow into rapid motion. 
The sails of vessels are constructed on the principle of the lever. 

221. The Pulley is a small wheel turning on an axis, 
with a string or rope in a groove running around it. 

222. There are two kinds of pulleys, the fixed and 
the movable. The fixed pulley is a pulley fastened to 
the wall or'to a beam, and is used only for changing 
the direction of motion. 

223. Illustration, Fi^. 28 represents a fixed pulley. Fig. 28. 
F is a small wheel turnmg on its axis, with a string run- 
ning round it in a groove. W is a weight to be raised. 
F is the force or power applied. It is evident that, by 
pulling the string at F, the weight must rise just as 
much as the 8tring[ is drawn down. As, therefore, the 
velocit;^ of the weight and the power is precisely the 
same, it is manifest that they balance each other, and 
that no mechanical advantage is gained. [See Jfo. 117.] 
But the pulley is very useful for changing the direction of 

tsmpported, wHl cause the fkrther aide to bear against the frame, and okstnict 
Ha free notion. 

317. What is a leTer of the third kind f 218. In what proportion must the 
power exceed the weight in this lever f Explain Fig. 27. 220. Give some 
etampleaoflevera of the third kind. 221. What is a pulley ? 222. How many 
kinds of pulleys are there? WhaUirethey? What is a fixed pulley ? Explain 
Fig. 28. What advantage is gained by this pulley i What is the use of this 
pul^yr 
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motion. If, for instance, we wish to raise a weight to the top of a 
high building) it can be done with the assistance of a fixed pulley, 
bj a man standing below.* A curtain, or a sail, also, can be raised 
by means of the &ed pulley, without ascending with it, by draw- 
ing down the string connected with it. 

224. The movable pulley differs from the fixed pulley 
by being attached to the weight ; it therefore rises and 
falls with the weight. 

225. lUustraUon. Fig. 29 represents a movable pul- 
ley, with the weight MTattached to it by a hook below. 
One end of the rope is fastened at F ; and as the power 
P draws the weight upwards, the pulley rises with 
the weight. Now, in order to raise the weight one 
inch, it IS evident that both sides of the string must be 
shortened, in order to do which, the power P must pass 
oyer two inches. As the yelocity of the power is 
double that of the weight, it follows (by Jfo. 117) that a 
power of one pound will balance a weight on the mova- 
ble pulley of two pounds. From which it appears that — 

226. The power gained by the use of pulleys is as- 
certained by multiplying the number of movable pulleys 
in the lower block by 2.'|' 

227. Illustration. A weight of 72 pounds may be balanced b^ a 
power of 9 pounds with four pulleys ; by a power of 18 pounds with 
two pulleys ; or by a power of 36 pounds with one pulley. But in 
each case the space passed over by the power must be double the 
space passed over by the weight, multiplied by the number of mova- 
ble pulleys. That is, to raise the weight oneYoot, with one pulley, 
the power must pass over two feet, with two pulleys four feet, with 
foiujpulleys eiffht feet. 

228. Fig. ^ represents a system of fixed and 
movable pulleys. In the block F, there are four fixed 
pulleys, and in the block M there are four mova- 
ble pulleys, all turning on their common axis, and 
rising and falling with the weight W. The movable 
puUe vs are connected with the fixed ones by a string 
attached to the hook H, passing over the alternate 
grooves of the pulleys in each block, forming eight 
cords, and terminating at tlie power P. Now to raise 
the weight one foot, it is evident that each of the 
eight cords must be shortened one foot, and, conse- 
quently, that thepower P must descend eight times 
that distance. Tne power, therefore, must pass over 
eight times the distance that the weight moves. 

* The fixed pulley operates on tbe Bame principle as a lever of the first kind 
with equal arras, where the falcrum being in the centre of gravity, the powsr 
and the weight are equally distant from it, and no advantage is gained. 

t This rule applies only to the movable pulleys in the same block. 

Upon what principle does the fixed pulley operate f 224. How does the 
movable pulley diflTer from the flxe<l pulley ? Explain Fig. 29. 225. How can 
the power gained by the use of the movable pulley be ascertained f 227. What 
illustration of this is given f 228. What does Fig. 80 represent f 
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229. Pulleys act on the same principle with the lev- 
er, the deficiency of the strength of the power being 
compensated by its superior velocity. [^See J>/o. 117. J 
Now, as we cannot increase our natural strength, but 
can increase the velocity of motion, it is evident that 
we are enabled, by pulleys and other mechanical pow- 
ers, to reduce the resistance or weight of any body to 
the level of our strength. 

230. Practical use of Pulleys. Pulleys are used to raise goods 
into warehouses, and in ships, &c. to draw up the sails. Both 
kinds of pulleys are in these cases advantageously applied ; for the 
sails are raised up to the masts by the sailors on deck by means of 
the fixed pulleys, while the labor is facilitated by the mechanical 
power of tne movable ones. 

231. Both fixed and movable pulleys are constructed in a great 
Tariety of forms, but the principle on which all kinds aie construct- 
ed, is the same. What is generally called a tackle and fall, or a 
block and tackle, is nothing more than a pulley. Pulleys have, 
likewise, lately been attached to the harness of a horse to enable 
the driver to govern the animal with less exertion of strength. 

232. It may be observed, in relation to the mechanical powers in 
general, that power is always gained at the expense of time and ve- 
wcity ; that is, the same power which will raise one pound in one 
minute, will raise two pounds in two minutes, six pounds in six 
minutes, sixty pounds in sixty minutes, &c. ; and that the same 
quantity of force used to raise two pounds one foot, will raise one 
pound two feet, &c. And, further, it may be stated that the pro- 
duct of the weight, multiplied by the velocity of the weight, will 
always be equal to the product of the power multiplied by the velo- 
city of the power. Hence we have the following rule. The power 
is in the same proportion to the weight as the velocity of the weight 
18 to the velocity of the power. 

233. The wheel and axle consists of two wheels, one 
of which is smaller than the other, revolving together 
around the same centre of motion. The place of the 
smaller wheel is generally supplied by a cylinder, which 
is called the axle. A cylinder is a round body with flat 
ends. 

234. lUustraSion, The wheel and axle though made in many 
forms, will easily be understood by inspecting Figs. 31 and 33. 
In Fig. 31 , P represents the larger wheel where the power is applied ; 

S29. Upon what principle do pulleys act ? What advantage is gained by tbe 
use of pulleys and other meclianical powers f 230. What are some of the prac- 
tical uses of the pulley i 231. What is a taclsle and fhll i 232. Is there any time 
or velocity gained with the power in the mechanical powers f To what is the 
product of the weight, multiplied by the velocity of the power, always equal ? 
What rule is given i 233. Of what does the wheel and a.\le coasist i What is a 
cylinder f 334« What figures illustrate the wheel and axle f 
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the circumrereace oftlie 
axle, then n power of 
one pound applied stthe 
the wheel will balance > 

ule ii constructed with 

■lead of Ibe wheel, as In Fig. 32, or with projecting spokei, u in 
Fie. 31. 

23li. The principle upoo pig. ss. 

which the wheel and ax- 
le ia conatnicted i» ths 
■lune with that of the 
other iDechan teal power*, 
the want of power being 
compenaatetl bj velooity. 
It ie evident (from Ifie 
Fin. 31 and 32) thai the 
Telocity of the ciicumfet- 
ence of the wheel i* bb 
much erealei than that of 
the axle as it ia further 
from the centre of mo- 

tiOD ; for the wheel describeo a great circle in the aanie time that 
the ai)e deBcribes a email one ; therefore the power ii incieaaed iu 

ne proportion a> (he circumfi 

le ule. If the Telocity of the 
than that of the aile, a power of one 
port a weight of twelve pounda on the aiie. 

237. In connexion with the wheel and aile, it ia proper to men- 
tion the aubject of complex wheel-work. It has alreadTbeen atated 
tliat the velocity of the wheel is ffrealer than that of the aite ; and 
this velocitj is in proportion to the relaliTe aixe of the wheel com- 
pared with that of the axle. Advantage is taken of this circnm- 

Eiplain. To whal li Ilie advaBlaf « gainal la protiortion f What da« Pig. 91 
raiHCMnl f Fig. 31 > Uponwbit nriaclple It Iha vbeel nnil kiIe conalnicLed t 
Eiplaln by Fin. 31 and 32. S3T. How Jnei Ills •sloclly or IbB wheel com- 
pirs wllh Ihal of Die aile F To what !■ tUi •eloclly In proporllon f ■• ^aj 
advuitxga okeo of Ibla, la driving madilnerr wb«e tlia ipeed 1> to be Ucreaaad 
or dimloiilied t 

A* 
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■tuice in the coastniction of machineiy, by luch an arrangement 
ol the ports ai will enable aa to inciease or \taaen the gpf ed nt pJes- 
■uie. For it is endent that if the power be applied to (lie axle, and 
machiner; attached to the wheel, capid motion will be produced; 
and on the contrary, if the power be applied to the nheei and (be 
machiner; to the axle, ilow motion will be produced. 

"~l. Iilaatraiion. Yig. 33 represents four wlieela with their 



Flg.SS, 
losing ll 



circumference of each wheel to be 

the circumlerence of each aile, it is evident 

that each time the wheel d revolves it muet 

cause (he wheel c to make lix leTolutiona, 

because the circumference of the wheel d ia 

eIz limea the circumlerence of the aile of c. 

In like manner the circumferences of the wheels c and b, actinv re 

speclirel; on the circumferences of the ailesof the adjoining wheel, 

will communicate a velocil; six times greater Ihan their own, and 

while the wheel d makee one revolution the wheel c will make six, 

b thirtj-ux, and a two hundred and sixteen revolutions. 

239, Reversing the figure, and applying the power at S which 
oommunicatei with the circumference of the wheel a, it foDows that 
a must perform six revolutions while b is performing one, thirtj-sii 
white c, and two hundred and sixteen while d performs one revolu- 
tion. It will thus be perceived that a rapid or a slow motion may 
be communicated by various combinations of the wheel and axle. 

540. The usual way of transmitting the action of (he axles to the 
adjoining wheels ia by means of teeth or cogs, raised on their aui- 
facea. The cogs on tbe surface of the wheels are generally called 
teeth, and those an the surface of the axle are called leaves. The 
Kx]e itself, when furnished with leavee, ia called aptnitm. 

541. TUuslnUion. Fig. Fig. M. 
34 represents a con- 
nexion t^ct^ged wheels. ^ ^ 
The wheel B being mov- 
ed by a itring around its 

ciicum&rence is a sim- 

fte wheel without teeth. 
a axle being furnished B 
with cogs or Itavei, to 
vhlch Ihe teeth of tbe 
wheel D are fitted, com- 

D, which, in like man- 
ner, moves tbe wheel C. 
Tbe power P and the 
neight W mast be attached to tbe cireamference of the wheel or 

of tbe aile according as a slow or a rapid motion is desired. 

How woulJ rapid motion lie pmliiceiJ * Blow moiion ? Biplpiln Fig. ». 

Jolotng whealil Wlinl art Ihe coga on ihE aurlhce of itiawlieslcDUed' ThoM 
ODtluailef Wbultarluioai Eiplaln Fig. Si. 
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242. Wheels are sometimes turned bj bands, as in Figure 35 ; 
and the motion communicated may be direct or F{g. 35. 
reversed by attaching the band, as represented 
in Fiffs. 35 and 36. When the wheel and the 
axle trom which it receives motion are intended 
to revolve in the same direction, the strap is not 
crossed, but is applied as in F'ls 35. But when 
the wheel is to revolve in a direction contrary 
to the revolution of the axle, the strap is cross- 
ed, as in Fig. 36. 

243. Different directions may be given to the motion produced 
Fig. 37. Fig. 38. 



Fig. 36. 





by wheels, by varying the position of their axles, and causing them 
to revolve in different planes, as in Fig. 37 ; or by altering the shape 
and position of the teeth or cogs, as in Fig. 38. 

244. It remains to be observed that the wheel and 
axle are constructed on the same principle with the 
lever. The axle acts the part of the shorter arm of the 
lever, the wheel that of the longer arm. 

245. The capstan, on board of ships and other vessels, is con- 
structed on the principle of the wheel and axle, it consists of an 
axle placed uprightly, with a head or drum, pierced with holes for 
the lever, or levers, which supply the place of the wheel. 

246. Windmills, lathes, the common windlass, used for drawing 
water from wells, and the large wheels in mills are all constructed 
on the principle of the wlieel and axle. 

247. Wheels are a very essential part to most machines ; they are 
applied in different ways, but when affixed to the axle their me- 
chanical power is always in the same proportion ; that is, as the 
circumference of the w^eel exceeds that of the axle, so much will 

242. By what are wheels sometimes turned f What flgnre represents one f 
In what way can the motion be made direct or reTemed i What does Fig. 35 
represent ? Fig. 36 ? 243. In what way can different directions be given to 
the motion produced by wheels { What does Fig. 37 represent f Fig. 38 i 

344. Upon what principie are tlie wheel and axle constructed f Explain how. 

345. Upon what principle is the capstan on board of vessels constructed f Of 
what does it consist.' 246. What other things are mentioned as constructed 
upon this principle f 247. Are wheels an essential part to most mnchines f 
Are they applied in more than one way i When they are affixed to the axle, 
in what proportion i« the power increased f 
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the power be increased. Therefore the larger the wheel and the 
smaller the axle, tlie greater will be the power obtained. 

24d. Fly wheels are heavy wheels used to accumulate power and 
distribute it equally among all the -parts of a machine. They are 
caused to revolve by a force applied to the axle ; and when once 
set in motion continue by iheir inertia to move for a long time. 
As their motion is steady and without sudden jerks, they serve to 
steady the power, and cause a machine to work with regularitv. 

249. Cranks are sometimes connected with the axle of & wneel, 
either to ^ive or to receive its motion. They are made b^ bending 
the axle in such a manner as to form four right ^^S* S9. 
angles facing in different directions, as is repre- 
sented in Fig. 39. I'his is seen in lathes and many 
other kinds of machinery. Cranks are often used 
to change the motion from rectilinear to circular, 
or frum circular to rectilinear. 

250. The inclined plane consists of a plain surface 
inclined to the horizon. 

251. Illustration, Fig. 40 represents an inclined plane. C A its 
height, C B its length, and W a weight which is to be moved on 
it. The advantage grained by the use of Fig. 40. 

the inclined plane is in proportion as the ^j^ ^^ 

length of the plane exceeds its perpen- ^^-^^^^ 

dicular height Thus, in this figure, if ^ — """"^ I 

the length C B be four times the heig[ht B ^-""^ l A 

C A, then a power of one pound will balance a weight of four 
pounds on the inclined plane. 

252. The greater the inclination of the plane, the greater must be 
its perpendicular height, compared with its length, and, of course, 
thegreater must be the power to elevate a weight along its surface. 

2^. Instances of the application of the inclined plane are very 
common. Sloping planks or pieces of timber leading into a cellar, 
and on which casks are rolled up and down ; a plank or board with 
one end elevated on a step, for the convenience of trundling wheel- 
barrows, or rolling barrels into a store, &c., are inclined planes. 

254. The advantage gained by the use of the inclined plane, like 
that of the other mechanical powers, is attended by a loss of time ; 
for the weight, instead of moving directly up the ascent, must move 
the whole length of the plane. 

255. Chisels and other cutting instruments, which are charnfered 
or sloped only on one side, are constructed on the principle of the 
inclined plane. 

248. What are fly wheels, and (br what are they used ? How are they made 
|o reyolve f When once set in motion, what cauies them to move on Tor tome 
time.' or what service are ihey in a machine? 249. For what are cranks, 
sometimes, connected with the axle of a wheel ? How are they made i What 
does Fig. 39 represent ? For what are cranks often used ? 250. What is an 
inclined plane ? What figure represents an inclined plane ? Explain the figure. 
To what is the advantage gained by the use of the inclined phuie in proportion f 
252. What follows from the greater or leas inclination of the plane ? 258. GiTe 
some instances of the application of the inclined plane. 264. Is any time 
gained by the use of the inclined plane ? Upon what principle are chisels and 
other cutting instruments, which are sloped only on one side, consoructed f 
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256. The wedge consists of two inclined planes unit- 
ed at their bases. 

257. JUustraHon, Fig. 41 represents a wedge. The ^^^ ^^^ 
line a b represents^he base of each of the inclined planes * 

of which it 18 composed y and at which they are united. 

258. The advantage gained by the wedge is in propor- 
tion as its length exceeds one half its widtli. 

The wedge is a very important mechanical power, used 
to split rocks, timber, &c., which coald not be effected by^ 
any other power. b 

iSQ. Axes, hatchets, knives, and all other cutting instruments 
chamfered, or sloped on both sides, are constructed on the principle 
of the wedge. 

260. The screw consists of an inclined plane, wound 
round a cylinder. It is generally composed of two 
parts, the screw and the nut ; or, as they are generally 
called, the convex and concave screw. 

261. lUustralion, Fig. 42 represents the screw and the nut. 5 
is the convex screw, (which is an inclined plane 
wound round a cylinder,) JV is the nut^ or concave 
screw, which has a spiral groove, to which the 
thread of the convex screw is accurately fitted. L 
is a lever attached to the nut, to which the power is 
applied. By turning the lever 

^ in one direction the nut ascends, Ls 

W qN. and by turning it in the opposite 

^ ^ direction, the nut descends on the 
screw.* In this figure the screw is fixed, and 
the nut is movable. 

262. Fig. 43 represents another screw, which 
is movable. The nut is fixed to the frame, and the 
screw ascends 01 descends as the lever L is turned. 

* AUtaoDgh the screw la mentioned as one of the six mechanical powers, it is, 
in reality, a compound power, consisting of a lever and an inclined plane. The 
power of the screw is estimated by (he distance of the threads. The closer the 
threads the greater is the iiower ; but here, again, the increase of power is pro- 
cared by an increase of velocity, or a loss of time. For if the threads be a 
quarter of an inch apart, the power must move through the whole circumfer- 
ence of the circle described by the lever, in order to move the resistance a quar- 
ter of an inch. The screw, with its appendage the lever, is therelbre used for 
the purpose of moving large or heavy bodies through small distances. Its power 
may be increased by lengthening the lever. The screw is applied to presses of 
all kinds where great power is required, such as book-binders* presses, cider and 
wine presses, dec 

256. Of what does the wedge consist i 257. What does Fig. 41 represent f 
258. To what is the advantage gained by the wedge in proportion ? Of what 
use is the wedge f Give some examples of the wedge. 260. Of what does the 
■crew consist ? Of how many parts is it generally composed ? What are 
theyf 261. What figure represents the screw and the nt|t? Explain the 
figure. How does Fi|r. 43 difibr firom the 42d ? NoU. Is the screw a simple or 
compound power i How is the power of the screw estimated ? How does the 
closeness of the thread aflfect the power i What is the use of the screw i 
How can its power be increased i To what is the screw applied i 
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963. All machines, instraments, implements, &6., are composed- 
of one or more of the mechanical powers * 

264. By friction in machinery is meant the resistance which 
bodies meet with in rubbing against each other. 

265. There are two kinds of friction, the rolling and the sliding. 
The rolling .friction is caused by the rolling ora circular body. 
The sliding friction is produced by the sliding or dragging of a 
flat surface. The sliding friction is oyercome with more difficulty 
than the rolling. In calculating the power of a machine, an allow- 
ance must always be made for friction. It is usually computed 
that friction destroys one third of the power of a machine.! 

266. Friction is caused by the unevenness of the surfaces which 
come into contact ;t and it is diminished in proportion as the sur- 
faces are smooth and well polished. Oil, grease, black lead, or 
powdered soap-stone, is used to lessen friction, because they act as 
a polish by filling up the cavities of the rubbing surfaces, and thus 
making them slide more easily over each other. 

* From what has been stated with rfigard to the mechanical powers, it ap- 
pears that by their aid a man is enabled to perform works to which his un- 
assisted natural strength is wholly Inadequate. But the power or all machines 
is limited by the strength of the materials of which they are composed. Iron, 
which is the strongest of all substances, will not re«ist a strain beyond a certain 
limit. Its cohesive attraction may he destroyed, and it can withstand no re- 
sistance which is stronger than its cohesive attraction. Besides the strength 
of the materials, it is necessary, also, to consider the time which is expended in 
the application of mechanical assistance. Archimedes is said to have boasted 
to Hiero, king of Syracuse, that, if he would give him a place to stand upon, he 
would move the whole world. In order to do Ihis, Archimedes must himself 
have moved over as much more space than he moved the world, as the weight 
of the world exceeded his own weight; and it has been computed that he must 
have moved with the velocity of a cannon ball for a million of years, in order to 
move the earth the twenty-seven millionth part of an inch. 

t The smallest impediment flrom friction is when finely-polished iron is made 
to rub on bell metal; but even these are said to lose about one eighth of their 
moving power. As the fl'iction between rolling bodies is much less than in 
those that drag, the axle of large wheels is sometimes made to move on small 
wheels or rollers. These are called friction wheels, or flriction rollers. They 
tttra round their own centre as the wheel continues its motion. 

X All bodies, how well soever they may be polished, have inequalities in 
their surfaces, which may be perceived by a microscope. When, therefore, the 
surfaces of two bodies come into contact, the prominent parts of the one will 
often fall into the hollow parts of the other, and cause more or less resistance 
to motion. 

363. Of what are all machines, Instruments, implements, &c., composed f 
What aid is aflbrded to man by the use of the mechanical powers ? By what 
is the power of all machines limited i Can the cohesive attraction of iron be 
destroyed i Can it withstand any resistance stronger than its cohesive attrac- 
tion f What besides the strength of the material, is necessary to be considered ? 
What is related of Archimedes i How could Archimedes have done this ? 
264. What is meant by flriction in machinery ? 265. How many kinds of firic* 
tion are there i What are they f How is the roiliuf friction produced f The 
•liding ? Which is overcome with the less difficulty, the rolling or sliding f 
What allowance must always be made, in calculating the power of a machine .* 
What proportion of the power is usually computed to be destroyed by ft-iction? 
Where is there the least friction ? Between which is friction the less, rolUnf 
bodies, or those that slide f 266. What causes (Hctioa? In what pn^ortion 
Is it dlsilnished i In what manner can it be lessened ? 
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267. Wheels are used on vehicles to diminish the friction of the 
road. The larger the circumference of the wheel, the more readily 
it will overcome any obstacles, such as stones, or inequalities in the 
road.* 

268. The motion of all bodies is influenced by the 
medium! in which they move. By a medium is meant 
the substance or fluid which surrounds the body. 

Thus, air is the medium which surrounds a bird when flying; 
water is the medium which surrounds the fish when swim- 
ming, &c. 

269. The resistance of a medium is in exact propor- 
tion to its density. 

A body falling through the air meets with less resistance than 
when fallixiff througrh water, because water is a denser medium 
than air. If a machine could be worked in vaeuoy (that is, in a 
vacuum, or a space where there is neither air nor any thing else to 
impede it,) and without friction, it would be perfect. 

270. The main-spring of a watch (see Jfo. S02) consists of a long 
ribbon of steel, closely coiled, and contained in a round box. It is 
employed instead of a weight, to keep up the motion. 

271. As the spring, when closely coiled, exerts a stronger force 
than when it is partl]^ loosened, in order to correct this inequality, 
the chain through Which it acts is wound upon an axis surrounded 
by a spiral groove, (called a fusee,) gradually increasing in diameter 
from the top to the .bottom; so that, in proportion as the strength 
of the spring is diminished, it may act on a larger lever, or a larger 
wheel and axis. «>- aa 

272. RlustrtUion, Fig. 44 «*!«.«. 
represents a spring coiled 
in a round box. A B is 
the fusee, surrounded by a 
spiral groove, on which the 
chain C is wound. When 
the watch is recently 
wound, the spring is in the 

* In dflMendlDg a steep hill, the wheeb of a carriage are often locke4, (as it 
is called,) that is, ftstened in such a manner as to prevent their turning} and 
thus the rolling is converted into the sliding flriction, and the vehicle descends 
more safely. 

Castors are pat on the legs of tables and other articles of ftimiture, to facil- 
itate the moving of them; and thus the sliding is converted into the rolling 
tViction. 

t The plural of this word is media, 

267. What is the use of wheels? In what proportion do they overcome the 
obstacles, such as stones, dec, in the road i why, in descending a steep hill, are 
the wheels of a carriage often locked ? How do castors, which are pat upon 
(taniitare, Acilitate the moving of it f 268. How is the motion of all bodies 
infloenoed f What is meant by a medium f 269. To what is the resistance 
ofa medium in proportion? What illustration is given ? When would a ma 
chine be perttet f 270. Of what does the main-spring of a watch consist ? 
What is its use ? Does the spring exert a stronger force when closely coiled, 
or when partly loosened i What is done in order to correct this inequality t 
272. What does Ilg. 44 represent ? Explain. 
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greatest state of tension, and will, therefore, torn the fusee by the 
smallest groove, on the principle of the wheel and axle. As tlie 
spring loses its force by beinff partly unwound, it acts upon the 
larger circles of the fusee ; and the want of strength in the spring is 
compensated by the mechanical aid of a larger wheel and axle in 
the larger grooves. By this means the spring is made at all times 
to exert an equal power upon the fusee. The motion is communi- 
cated from the fusee by a cogged wheel which turns with the fusee. 

273. The name of governor has been given to an ingenious piece 
of mechanism, which is used to regulate the supply of steam in 
steam-engines, and of water in water-mills. 

274. luustratUm. Tie, 45 represents 
a governor. A B ana A C are two 
levers or arms, loaded with heavy balls 
at their exiremities, B and C, and sus- 
pended bv a joint at A apon the ex- 
tremity of a revolving shaft, AD. At 
a is a collar, or sliding box, connected 
with the levers by the rods b a and c a, 
with joints at their extremities. When 
the scudl A D revolves rapidly, the 
weights B and C will diverge, or fly 
off, and cause the rods b a and e a to 
raise the collar or sliding-box. On the 
contrary, when the shaft A D revolves 
slowly, the weights B and G will fall 
by their own weight, and the rods b a 
wad c a will cause the collar a to de- 
aeend. The steam-valve in a steam-engine, or the sluice-gate of a 
water-wheel, being connected with the collar a, the supply of steam 
or water, which puts the works in motion, is thus reculated.* 

275. The knee-joint, or, as it is sometimes called, the to^gU-joini, 
consists of two rods or bars connected by a joint, and increasing 
rapidlv in power as the two rods approach to the direction of a 
straiffht line. 

270. lUustraHon. Fig. 46 represents a toggle- 
joint. A C and B C are the two rods connected 
by a joint C. A moving force applied in the 
direction C D acts with great and constantly 
increasing power to separate tlie parts A and B. 0.«.— ^ <; 

The operation of the toggle-joint is seen in the 
iron joints which are used to uphold the tops of 
chaises. It is also used in various kinds of print- 
ing-presses, to obtain the greatest power at the moment of impres- 
■ioo. 

* In nmnulkctuKa, there ia one certain and determiaate velocity witb which 
tlM macUnery should be moved, and which, if increased or diminished, wonld 

m. What is a goTernor ? Explain Fig. 45. What is said in the note of the 
MS nf the governor ? 275. Of what does the knee-joint, or toggle-joint, consist f 
la what proportion does it increase in power? 276. What does Fig. 48 rep- 
lawat f Explain the figure. Give an instance of the operation of the toggle 
Joint. What ia its use in printing-presses ? 
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SECTION IX. 

Hydrostatics. 

911. Hydrostatics treats of the nature, gravity, and 
pressure of fluids. {See JVb. 6«) 

278. A fluid is a substance which yields to the slight- 
est pressure, and the particles of which, having but a 
slight degree of cohesion, move easily among them- 
selves. (See JVb. 20.) 

279. A liquid differs from a fluid in its degree of com- 
pressibility* and elasticity. (See JVumbers 67 and 70.) 

280. Fluids gravitate in a more perfect manner than solids, be- 
cause the strong cohesion of the particles of solid bodies in some 
measure counteracts the effects of gravity. 

281. From the slight degree of cohesion in the particles of flttidar^ 
it is inferred that they must be small, smooth and globular ; smooth^ 
because there appears to be no friction among them ; and globoUuTy 
because their touching each other but by a point will account fqi 
the si ightness of their cohesion. 

232. Fluids cannot b6 formed into figures, or preserved ia he^Mir 
on account of their want of eohesion.t 

render the machine unfit to perform the work it is desiji;ned to execute. Jioiti, 
it fl^qaently happens that the resistance is increased or diminished by some 
of the machines which ore workedt being stopped, or others pot on. The 
moving power, having this alteration in the resistance, would impart a greater 
or less velocity to the machinery,- were it not for the regulating power of the 
governor, which increases or diminishes the supply of water or of steam, which 
is the moving power. 

* The experiments (mentioned in No. 29) made at Florence, many years ago, 
seem to prove that some kinds of liquids, water, for instance, is wholly ia> 
compressible. Later experiments, particularly those of Mr. Jacob Perkins, of 
Newburyport (now in London), have proved that water is capable of a consid- 
erable degree of compression. Fluids, in general, have a voluntary tendency 
to expand (See No. 77) when at liberty ; but liquids will not expand without $ 
change of temperature. Heat is supposed to be the primary cause of the fiui4 
form of bodies. (See No. 70.) It insinuates itself between the particles of 
bodies, and forces them asunder. Thus, for instance, ice, without heat, is a 
solid \ with heat it becomes water, and, with a greater degree of heat, it ex 
pands into an elastic fluid, called »team. 

t Although fluids have but a slight degree of cohesive attraction, they are 

277. Of what does Hydrosutics treat f 278. What is a fluid ? Does tho 
Attraction of cohesion have much influence on the particles of fluids ? What 
follows fW>m thto f 279. How do fluids and liquids diflbr from each oUter ? 
Cam water be compraned f What is supposed to be the primary canse of the 
fluid fbrm of bodies i Wliat effect has heat upon bodies f What iilustratloa if. 
given i 280. Why do fluidis gravitate in a more perfect manner than soUds ?• 
281. What is inferred fVom the slight degree of cohesion in the part^cliMt 
of fluids.? Why smooth f Why globular i 282. Why eawot fluids be 9«na9^ 
into figures, or preserved in heaps ? 

5 
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283. By the level or equilibrium of fluids is meant that 
every part of the surface is equally distant from the centre 
of the earth ; that is, from the point to which gravity tends. 

JUustration. All flaids have a tendency to preserve this equi- 
librium. Hence the surface of all fluids, when in a state of rest 
must partake of the spherical form of the earth. This level or 
equilibrium of flaids is the natural result of the independent gravi- 
tation of each particle. The particles of a solid body being united 
by cohesive attraction, if anv one of them be supported, it will up- 
hold those also with which it is united. But when any particle of a 
fluid is UQpupported, it is attracted down to the level of the surface 
of the fluid ; and the readiness with which fluids yield to the 
slightest pressure will enable the particle, by its own weight, to 
penetrate the sur&ce of the fluid and mix with it 

284. Fluids of diflTerent densities all preserve their 

own equilibrium. 

265. Hhutration. If a quantity of mercury, water, oil, and air, 
be put into the same vessel, they will arrange themselves in the 
order of their specific gravities. (See J^o. 100.) The mercury will 
sink to the bottom, the water will stand above the mercury, the oil 
above the water, and the air above the oil ; and the upper and un- 

afiteted by a force called capillary attraction, l>y which they are rained above 
their leveM in capillary tabes, or tubes the bores of which are exceedingly 
small. Thus, ira small glass tabe be placed in water, the water on the Inside 
will rise above the level of that on the ouuide of the tube. The caoae of this 
seems to be nothing more than the ordinary attraction of the particles of matter 
for each other, "nie sides of a small orlfloe are so near to each other as to 
attract the particles of the fluid on their opposite sides ; and as all attraction is 
strongest in the direction of the greatest quantity of matter, the water is raised 
vpwaida, or in the direction of the length of the tube. On the outside of the 
tabe, the opposite snrfhces cannot act on the same column of water, and there- 
fore tlw influence of attraction is here hardly perceptible in raising the fluid. 

All porous substances, such as sponge, bread, linen, sugar, &c., may be con. 
sldered as collections of capillary tubes; and, for this reason, water and other 
liqnida will rise in them, when they are partly immersed. 

It is on the same principle that the wick of a lamp will carry up the oil to 
supply the flame, although the flame Is several inches above the level of the oil. 
If the end of a towel happen to be left in a basin of water, it will empty the 
basin of its ccmtents. And, on the same principle when a dry wedge of wood is 
. driven into the crevice of a rock, and afterwards moistened with water, ai 
when the rain fhlls upon it, it will absorb the water, swell, and sometimes split 
the rock. In this manner, mill stone quarries are worked in Germany. 

A beautiful experiment, dependent on the same principle of capillary attrac- 
tioB, may be thus performed. Take two pieces of flat glass, Joined together at 
one side, and separated at the other by a thin strip of wood, card, or other sub- 
stance. When thus prepared, immerse the ^lass in colored water, having previ- 
ously wet the inner surface. The water will then rise between the p^ces of 
glass, fbrming a beantifol corve, the higher part appearing where the pieces of 
glass are in contact. 

283. What is meant by the level or equilibrium of fluids f Have all fluids 
a tendency to preserve this eqailitnium r What follows fh>m this f Of what 
is this level or equilibrium of^ fluids the natural result f Hew does the gravi 
tstlon of solid bodies difibr flrom that of fluids ? 284. Do fluids of dilfbrent 
densities all preserve their own equilibrium I What illustration is given to 
prove this 
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der surfaces of each fluid will ^take of the spherical form of the 
earth, to which they all respectively gravitate. 

286. A water-level is an instrument constructed on 
the principle of the equilibrium of fluids. It consists of 
a glass tube, partly filled with water, and closed at both 
ends. When the tube is not perfectly horizontal, — 
that is, if one end of the tube be lower than the other,— 
the water will run to the lower end. By this means the 
level of any situation to which the instrument is applied 
may be ascertained. 

287. Illustration, Fig. 47 represents a wa- Fig* '^7. 
ler-le vel. A B is a glass tube partly filled with ^ ^ ° 
water. C is a bubble of air occupying the d ^ si^ — / b 
space not filled by the water. When both 

ends of the tube are on a level, the air bubble will remain in the 
centre of the tube; but if either end of the tube be depressed, the 
water will descend and the air bubble will rise. The glass tube 
when used is generally set in a wooden or brass box. It is an in- 
strument much used by carpenters, masons, surveyors, &c 

^8. Solid bodies, therefore, gravitate in masses, — 
their parts being so connected as to form a whole, their 
weight is concentrated in a single point called the centre 
of gravity ; (sec JVb. 164;) while every particle of a fluid 
may be considered as a separate mass, gravitating inde- 
pendently of each other. 

It is for this reason that a body of water, in falling, does less in- 
jury than a solid body of the same weight. But if the water be 
converted into ice, the particles losing their fluid form, and being 
united by cohesive attraction, gravitate unitedly in one mass. 

289. Fluids not only press downwards like solids, but 
also upwards, sideways, * and in every direction. So 
long as the equality of pressure is undisturbed, every 




& 



* If the particles of flaids were arranged in reg- 
ular columns as in Fig. 48, there would be no Fig. 48. 
lateral pressure } for when one particle is perpen- /"v^v'^V^ Hg* 49. 
dtcularly above the other, it can press only down' • » » ' » 
warda. But if the particles be arranged as in Fig. 
49, where a particle presses between two particles 
beneath, these last must suffbr a lateral pressure. 
In whatever manner the particles are arranged, if 
they be globular, as is supposed, there must be 
spaces between them. See Fig. Ist, page 3. 

286. Upon what principle is a water-level constructed f Of what does it con- 
sist ? For what is it used ? 287. What figure represents a water4eTel f Bz- 
plain the figure. 288. In what manner do solid bodies gravitate ? What is the 
centre of gravity ? What efTect has gravity on the particles of fluids ? How 
long will the particles of fluids remain at rest ? Explain Fig. 48. What does 
Fig. 49 represent .' 
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particle will remain at rest. If the fluid be disturbed by 
agitating it, the equality of pressure will be disturbed, 
and the fluid will not rest until the equilibrium is re- 
Utored. 

1290. lUustration. The downward pressure of flaids is shown by 
making an aperture in the bottom of a vessel of water. Every par- 
ticle of the fluid above the aperture will run downwards tlurongh 
the opening. 

291. The lateral pressure is shown by making the aperture at the 
aide of the vesseL The fluid will then escape Uurough the aperture 
at the side. 

292. The upward pressure is shown by taking a glass tube, open 
at both ends, putting a cork into one end, (or stopping it up with 
tlie finger,) and immersing the other in the water. The water will 
not rise in the tube. But the moment that the cork is taken out. 
(or the finger is removed,) the fluid will rise in the tube to a level 
with the surrounding water. 

293. The pressure of a fluid is in proportion to the 
perpendicular distance from the "surface ; that is, the 
deeper the fluid the greater will be the pressure. This 
pressure is exerted in every direction, so that all the 
parts at the same depth press each other with equal 
force. 

294. UlMStratums* A bladd^, filled with air, being immersed in 
water, will be contracted in size, on account of the pressure of the 
water in all directions ; and the deeper it is immersed the more will 
it be contracted. 

295. An empty bottle, being corked, and by means of a weight 
let down to a certain depth in the sea, will either be broken by the 
pressure, or the cork will be driven into it, and the bottle be filled 
with water. This will take place even if the cork be fastened with 
wire and sealed. But a bottle filled with water, or any other liquid, 
may be let down to any depth without damage, because, in this 
oase, the internal pressure is equal to the ezternu.* 

* ^Experiments at sea. — We are indebted to a (Hend, who has just arrived 
from Europe, says the Baltimore Gazette, for the followiug experiments made 
OB board the Charlemagne : 

**96th of September, 1836, the weather being calm, I corked an empty wine 
bottle, and tied a piece of linen over the cork ; I then sank it into the sea six 
hnnidred feet ; when drawn Immediately up again, the cork was inside, the linen 
remained as it was placed, and the bottle was filled with water. 

** I next made a noose of strong twine around the bottom of the cork, which I 
Ibroed into the empty bottle, lashed the twine securely to the neck of the bottle^ 

290. How is the downward pressure of fluids shown ? The lateral pressure ? 
The upward pressure f 293. To what is the pressure ofa fluid In proportion ? 
la what direction Is this pressure exerted.^ What ilhistrations are given to 
neve this ? Why can a bottle, filled with water, or any other liquid, be let 
Sown to aay depth without injury ! What experiment is mentioned in the 
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S06. From what has now been stated, it appeara that the lateral 
pressure proceeds entirely from tlie pressure downwards, or, in other 
words, from the weight of the liquid above ; and that consequently 
the lower an orifice is made in a vessel containing water or any 
other li(}uid, the greater will be the force and velocity with whicn 
the liquid will rush out. 

297. Illustration. Fig. 50 represents a vep- Fig. 50* 
■el of water, with orifices at the side at differ- 
ent distances from the surface. The difierent 
curves in that figure, describing the course of 
the liquid in running out of the vessel, show 
the force of the pressure on the liquid at dif- 
ferent depths. At A the pressure is the least, j. 
because there is less weij^ht of fluid above it. ^~\ 
At B and C the fluid is driven downwards by 
the weight of that portion above, and it will be strongest at C. 

298. As the lateral pressure arises solely from the downward 
pressure, it is not afiected by the width or the length of the vessel 
in which it is contained, but merely bj its depth ; tor as every par- 
ticle acts independently of the rest, it is only the column of particles 
immediately above the orifice that can weigh upon and press out 
the water. 

899. The lateral pressure on one side of a cubical vessel will be 
equal only to half or the pressure downwards; for every particle at 
the bottom of the vessel is pressed upon by a column of the whole 
depth of the fluid, whilst the lateral pressure diminishes from the 
bottom upwards to the surface, where the particles have no pres^ 
sure. 

300. The upward pressure of fluids, although apparently in oppo- 
sition to the principles of gravity, is but a necessary consequence 
of the operation of that principle ; or, in other words, the pressure 
tqnoards as well as the pressure downwards is caused by gravitj^. 

301. Illustration. When water is poured into a vessel with a 

and wnk the bottle aU hundred feet. Upon drawing it op immediately, the cork 
was found inside, having forced its way by the twine, and in so doing had 
t^olcen itself in two pieces ; the bottle was filled with water. 

** I then made a stopper of white pine, long enoogh to reach to the bottom Of 
the bottle ; after forcing this stopper into the bottle, I cot it off about half sn 
inch above the top of the bottle and drove two wedges, of the same wood, into 
the stopper. I sank it 600 feet, and upon drawing It up immediately the stop- 
per remained as I placed it, and there was aboot a gill of water in the bottle, 
which remained unbroken. The water most have forced its way throogh the 
pores of the wooden stopper, althoagh wedged as aforesaid } and had the bottle 
remained sunk long enough, there is no doubt that it would have l>een filled 
with water." 

It is the opinion of some philosophers that the pressure at very great depths 
of the sea is so great that the water is condensed into a solid state ; and that at 
or near the centre of the earth this preasore converts the whole into a solid 
mass of fire. 

296. What causes the lateral pressure ? What follows from, this ? Explain 
yig. 50. 298. Does the length or the width of the vessel in which it is con- 
tained have any elftct upon the lateral pressure ? By what is it aflbcted i 298. 
How does the lateral pressure on one side of a cubical vessel compare with the 
pressure downwards i How would you explain this ? 900. What causes tlie 
upward and downward pressures f 

6* 
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Fig. 51. 




qpoot (like a tea-pot, for instance), the water rises in the spout to a 
lerel with that in the body of the vessel. The particles of water at 
the bottom of the vessel me pressed upon by the particles above 
them, and to this pressure they will yield, if there is any mode of 
makinff way for the particles above them. As they cannot descend 
through tlie bottom of the vessel they will 
change their direction and rise in the spout. 
Fig. 51 represents a tea-pot, and the columns 
ofoalls represent the particles of water magni- 
fied. From an inspection of the figure it ap- 
pears that the particle numbered 1 , at the botp 
torn, will be pressed laterally by the particle 
numbered 2, and by this pressure forced into 
the spout, where meeting with the particle 3 it 

Sresses it upwards, and this pressure will be continued from 3 to 4. 
'om 4 to 5, and so on till the water in the spout has risen to a level 
with that in the body of the vessel. If water be poured into the 
spout the water will rise in the same manner in the body of the 
vessel ; from which it appears that the force of pressure depends 
entirely on the heij^ht, and not on the length or breadth of the 
column of fluid, as is stated in No 298. 

303. The Hydrostatic Bellows. From what has now been stated 
it appears that any quantity of fluid, however small, may be made 
to counterooise or balance any quantitv, however large. This is 
called the bydrostatical paradox, and it is shown by an instrument 
called the bydrostatical bellows. 

^3. Fig. 52 represents the hydrostatic 
bellows. A B is a long tube, one inch 
square. C D £ F are the bellows, consist- 
ing of two boards, eight inches square, con- 
nected bv broad pieces of leather, or India 
rubber cloth, in the manner of a pair of 
common bellows. By putting one pound 
of water in the tube, it will raise siity-four 
pounds on the bellows.* The Hydrostatic 
Bellows belonging to '^ the Boston School 
set" are eight inches square, marked into 
sixty-four square inches, on the top, — or 
into sixteen squares of two inches each. 
There are two square tubes connected with 
the bellows, one of one inch and another of 
two inches in diameter, or a sixty -four and 
a sixteenth of the surface of the bieliows. If 
a pound of water be put into the larger tube, 



Fiff. 52. 




* The fhndamental principle or mechanics or ttie laws of motion is here 

in ftill force, namely, that what is gained in power is lost either in time or in 
space ; for although one pound Is here made to raise sixty-four pounds, it is Co 

niasirate this by Fig. 51 . Upon what does the force of pressure depend i What 
.is meant by the hydrostatic paradox i What is the use of the hydrostatic bel- 
low* * What Fig. represents the hydrostatic bellows f Explain the Fig. What 
is the fundamental principle of mechanics i la this the principle of the bydroi' 
•utlc bellowa I 
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•izteen paanda may be niiged on Ihe bellotTs ; bat if it be pat into 

the smaller tube it will raise siitT-faar poimda. 

30d. When the bellowa hive been filled with water, torn the 
■topcnck ; take out the tube and lubslitule Ibe Btraiglit jet, (See 
Fig. 72,) and the inter will be forced out to a heiglit nearl; u 
great as that of the waUr in the tube. Were it not for the resirt- 
ance of the sir it would rise to the Bame height. 

305. If water be confined in any vessel, and a prea- 
Bure to any amouat be exerted on a square inch of thnt 
water, a pressure to an equal amount will be transmit- 
ted to every square inch of the surface of the vessel in 
which the water is confined.* 

306. miistTatioK. Jt is fg- «■ 

Dpon thii principle that 
Bramah's b ydroaUtiD press, 
represented:^ in Fig. 53, it 
constrocEed. A large solid , 
plug or pistoD, A B, is con- 
structed 80 as to move 
water-tight in ■ cylinder 
C D. The space beneath 
(be piston is filled with 



bj a pipe E F with ■ amaJl 
forcing-pump worked by a 
the piitoD G, by which the ^ 

chamber of the cylinder C D below the great pialon. I«l us now 
suppose Ibe entire apace between the two pistons to be filled with 
water, lud a pressure of one poQitd exerted on the water by means 
of the piston O of the forcing-pump. Let aa also suppose thot the 
diameter of the ptaton G is a quarter of an inch, and that the diam- 
elcr of tlie piatoa B is one foot. In that case tlie base of the piston 
B, which is pressed b; the water, is 2304 times the base of tbe piston 
G, which pressea the water, and in virtue of the power of ttansmit- 
ting pressure, a prcssare of one pound will be tranamitled to every 
part of the base of the greater piston, which is equal to the base of the 
less. Thus an urging pressure of one pound on Ihe base of the pis- 
ton G, will produce & pressure of 2304 Uj. against tlie base of the 
greater pistoa B. 
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307. A fluid specifically lighter than another fluid 
will float upon its surface.* 

308. A body specifically lighter than a fluid will sink 
in the fluid until it has displaced a portion of the fluid 
equal in weight to itself. 

309. Illustration, If a piece of cork is placed in a vessel of 
water, about one third part of the cork will sink below, and the re- 
mainder will stand above the surface of the water ; thereby displac- 
ing a portion of water equal in bulk to about a third part ot the 
cork, and this quantity of water is equal in weight to the whole of 
the cork ; because the specific gravity (See JVb. 100) of water is about 
three times as great as that ofcork.t 

310. The standard which has been adopted to esti- 
mate the specific gravity (SeeJ>ro, 100) of substances in 
general, is rain or distilled water. 

311. Explanatian. As heat expands and cold condenses all 
metals, their specific gravity cannot be the same in summer that it 
is in winter. For this reason they will not serve as a standard to 
estimate the specific gravity of other bodies. The reason that dis" 
HUed water is used is, that spring, well, or river water is seldom 
perfectly pure ; and the various substances mixed with it affect its 
weight. TakinfiT, therefore, a certidn quantity of rain or distilled 
water, we find uiat a quantku of gold, equal tn bulk to the water, 
will weigh nearly twenty times as much as the water ; of lead, 
nearly twelve times as much; while oil, spirit, cork, &c. will 
weigh less than the water.t 

engine itself is constructed. It also enables as with great fkdiity to transmit 
the motion and force of one machine to another, in cases where local circom- 
stances preclude the possibility of instituting any ordinary mechanical con- 
nexion between the two machines. Thus, merely by means of water-pipes, 
the force of a machine may be transmitted to any distance, and over inequali- 
ties of ground, or through any other obstructions. 

* The slaves in the West Indies, it is said, steal mm by inserting the long 
neck of a bottle, fliU of water, through the top aperture of the rum cask. The 
water flills out of the bottle into the cask, while the lighter rum ascends in ito 
stead. 

t It Is on the same principle that boats, ships, Ac. although composed of ma- 
terials heavier than water, are made to float. From their peculiar shape they 
are made to set lightly on the water. The extent of the surface presented to 
the water counterbalances the weight of the materials, and the vessel sinks to 
such a depth as will cause it to displace a portion of water equal in weight to 
the whole weight of the vessel. From a knowledge of the specific gravity of 
water, and the materials of which a vessel is composed, rules have been formed 
by which to estimate the tonnage of vessels — that is to say, the weight which 
the vessel will sustain without sinking. 

I The following table shows the specific gravity of the substances therein 

a07. When will one fluid float upon another f 908. What is stated with re- 
gard to a body specifically lli^ter than a fluid i What illustration of this is 
clvett ? How do the specific gravities of water and cork compare with each 
other f Upon what principle is it that boats, ships, &c. are made to float upon 
the water ? What rules have been formed from the knowledge of the specific 
gravity of water and the materials of which vessels are composed ? 310. What 
standard has been adopted to estimate the specific gravity of substances in gene- 
ral f Why could not metals have been adopted ? Why is distilled water used r 
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Fig. 54. 



312. The specific gravity of bodies that will sink in 
water is ascertained by weighing them first in water, 
and then out of the water, and dividing the weight out 
of the water by the loss of weight in water. 

313. Fig. 54 represents the scales for 
ascertaining the specific gravity of bodies. 
One scale is shorter than the other, and a 
hook is attached to the bottom of the scale 
to which sulwtances, whose specific gravi- 
ty is sought, may be attached and sunk in 
water. 

314. lUustraHon, Suppose a cubic inch 
of gold weighs 19 ounces when weighed 
out of the water, and but 18 ounces* when 
weighed in water — the loss in water is 
one ounce. The weight out of water, 19 ounces, being divided by 
one (the loss in wate^ gives 19. The specific gravity of gold, then, 
would be 19, or, in otner words, gold id nineteen times heavier than 
water. 

mentioned. It is to be understood that all substances vrhose specific gravity ia 
greater than water, will sink when immersed in it, and that all whose specific 
gravity is less than that of water, will float in it. Let us then take a quantity 
of water which will weigh exactly one pound ; a quantity of the auhitanGes 
specified in the table, of the same bulk, will weigh as follows : 

.891 ponndi. 

.800 

.700 

.600 

.fiOO 

240 




Platinum, 


23. pounds. 


Fine Gold, 19.640 * 


Mercury, 


14.019 < 


Lead, 


11.525 * 


Silver, 


11.091 * 


Copper, 


9.000 * 


Iron, 


7.645 * 


Marble, 


2.705 « 


Glass, 


3.000 * 



1.793 pounds. 



Living men, 

Ash, 

Beach, 

Elm, 

Fir, 

Cork, 



Common Air, .0011 
Hydrogen gas, .000105 



Chalk, 

Coal, 1.250 

Mahogany, 1.063 

Milk, 1.034 

Box wood, 1.030 
Rain water, 1.000 

Oil, .920 

Ice, .908 

Brandy, .820 

A cubic foot of water weighs one thousand avoirdupois ounces. By multi- 
plying the number opposite to any article in the above table by one thousand, 
we obtain the weight of a cubic foot of that article, in ounces. Thus a cubic 
foot of platinum is 23000 ounces in weight. 

In the above table it appears that the specfflc gravity of living men is about 
one ninth less than that of common water. So long, therefore, as the lungs can 
be kept firee firom water, a person, although unacquainted with the art of swim- 
ming, will not completely sink, provided the hands and arms be kept under the 
water. 

The specific gravity of sea water is greater than that of the water of lakes 
and rivers, on account of the salt contained in it. On this account the wat^ of 
lakes and rivers has leas buoyancy, and it is more difficult to swim in it. 

* Gold will weigh less in the water than out of it, on account of the upward 
pressure of the particles of water, which in some measure supports the gold, 



"^Hiat bodies will sink when immersed in water f What will float f What 
is the weight of a cubic foot of water f What is the use of the above table ? 
How does the specific gravity of living men compare with that of water f 
Which is the greater, the specific gravity of sea water, or of lakes and rivers ? 
Why i 312. How is the specific gravity of l>pdie8, that will sink in water, as- 
certained ? What illustration is given f' Explain Fig. 54. Why will gold 
weigh less in the water than out of it ? How does this upward jiressure of the 
panicles compare with tlie downward pressure of a quantity of water of the 
same dimensions i What follows from this i 
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315. The specific gravity of a body that will not sink 
in water, is ascertained by dividing its weight, by the 
sum of its weight, added to the loss of weight which it 
occasions in a heavy body previously balanced in 
water.* 

316. Illustration. If a body lighter than water weighs six ounces, 
and on bein^ attached to a heavy body, balanced in watei:, is found 
to occasion it to lose twelve ounces of its weight, its specific gravity 
is determined by dividing its weight (six ounces) by the sum of its 
weight, added to the loss of weight it occasions in the heavy body, 
namely, six added to twelve, which, in other words, is 6 divided by 
18, or 6-18, which is 1.3d. 

317. An hydrometer is an instrument to ascertain the 
specific gravity ofliquids. 

318. JUustration. The hydrometer is constracted on the princi- 
ple, that the greater the weight of a liquid, the greater will be its 
buoyancy. 

319. The hydrometer is made in a variety of forms, but it gen- 
eral consists of a hollow ball of silver, glass, or other material, with 

and by »o doing diminishes its weigbt. Now, as the upward pressure of these 
particles Is exactly sufficient to balance the downward pressure of a quantity of 
water of exactly the same dimensions with the gold, it follows that the gold 
will lose exactly as much of its weight In water, as a quantity of water of the 
same dimensions with the gold will weigh. And this rule applies to all bodies 
heavier than water, that are immersed in it. They will lose as much of thetr 
Vf eight in water as a quantity of water of their own dimensions weighs. All 
bodies, therefore, of the same size, lose the same quantity of their weight in wa^ 
ter. Hence, the specific gravity of a body is the weight of a body, compared 
with that of water. As a body loses a quantity of Its weight when immersed in 
water. It foUowsthat when the body is lifted from the water, that portion of iIji 
weight which it had lost will be restored. This is the reason that a bucket o^ 
water, drawn from a well, is heavier when it rises above the surflice of the 
water in the well, than it is while it remains below the surfhce. For the same 
reason our limbs feel heavy in leaving a bath. 

* The method of ascertaining the specific gravities of bodies was discovered 
accidentally by Archimedes. He had been employed by the king of Syracuse 
to investigate the metals of a golden crown which hejiuspected had been adul- 
terated by the workmen. The philosopher labored at the problem in ^in« tju 
going one day into the bath, he perceived that the water rose In the bath in 
proportion to the bulk of his body. He instantly perceived that any other sub- 
stance of equal size would raise the water Just as much, though one of equal 
weight and less bulk could not produce the same effect. He then obtained two 
manes, one of gold and one of silver, each equal In weight to the crown, and 
having fiUed a vessel very accurately with water, he first plunged the silver 
mass into it, and observed the quantity of water that flowed over j he then did 
the same with the gold, and found that a less quantity had passed ov«^than be- 
fore. Hence he inferred that, though of equal weight, the bulk of the silver 

What rule is given with regard to all bodies heavier than water that are Im- 
meraed in it ? Wliat is the specific gravity of a body ? What is »he reason 
Satk bucket of water, drawn from a well, is heavier when it rises above the 
SrfaS, onhe water, thii while it is below it ? 315- How ^ 'J^' P«^'^^^^^ 
vUv nf hnrfiM that will not slnklu water be ascertained ? What illustration is 
Sieni By whom was?he method of ascertaining the specific gravities of bo- 
SSdlscovciSd? In what manner did he ascertain it? 317. What is an hydro- 
SSi^ip^Uat priScipte i» it constructed ? Explain its construction. 
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a mdoated scale rising from the upper part. A weight is attached 
below the ball. When the instmnient, thus constructed, is immer- 
sed in a fluid, the specific gravity of the fluid is estimated by the 
portion of the scale that remains above the surface of the fluid. 
The greater the specific gravity of the fluid, the less will the scale 
sink. 



SECTION X. 

HydrmiUcs. 

SW. Hydraulics treats of the motion of fluids, par- 
ticularly of water ; and the construction of all kinds of 
instruments and machines for moving them.* 

321. fVater, in its motion, is retarded by the friction 
of the bottom and sides of the vessel or channel through 
which it passes. For this reason the velocity of the 



greater thSB that of the gold, and that the qnaotity of water diaplaeed waa, 
in each experiment, eqaal to the bulk of the metal. He next made trial with 
the crown, and Ibnnd it displaced more water than the gold, and leas than the 
allTter, which led him to conclnde, that it was neither pore gold nor pore siWer. 

* In the second illastration, Page 6th, No. 48, some account is given of 
the chemical action of heat upon water ; and the reason is there given why the 
rain which ftlls upon the earth, and sinks into it, does not, in the course of 
time, iajme its solidity. The cause of the ascent of steam, or vapor, may be 
found in its specific gravity. It may here be stated that rain, snow, and hail are 
formed by the condensation of the particles of vapor in the upper r^ions of the 
atmosphere. The watery particles coming within the sphere of each olherV 
attractions, unite in ths-lbrm of a drop, which being heavier than the air, foils 
to the earu. Snow and hail differ flrom rain only in the diflfbrent degrees of 
temperature at which the particles unite. When rain, snow, or hail fKII, part 
of it reascends in the form of vapor, to fiMrm doods, &c., part is absorbed bj the 
roots of v^etables, and part descends into the earth to form springs. The 
springs form brooks, rivulets, rivers, Ac and deacend to Uie ocean, where being 
again heated by the sun, the water rises in the form of vapor, again forms 
clouds, and again descends in rain, snow, hail) dec. llie specific gravity of the 
watery partides whifh constitute vapor, is less than that of the air near the 
sorihce of the earth ; they win, therdbre, ascend until they reach a portion of 
the atmosphere of the same specific gravity with themselves. But the constant 
accession of flresh vapor flrom the earth, and the loss of heat, causes several par- 
ticles to come within the sphere of each other*a attraction, as has been stated 
above, and they unite in the form of a drop, the specific gravity of which being 
greater than that of the atmosphere, it will fhli in the form of rain. Water, aa 
it descends in rain, snow, at hail, is perfectly pure, but when it haa fUlen to the 
earth, it mixes vrith the varioua substances through which it passes, which give 
it a species of flavor, vrithont allbcting Its transparency. 

In what proportion does the scale sink ? 330. Of what does hydraulics treat f 
What is the cause of the ascent of steam or vapor i How are the pariicles of 
this vapor formed into rain, snow, or hall f How long will these particles re> 
main in the upper regions r What becomes of them after they have ftllen f 
921. What reuirda the motion of water f 
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surface of a canal or river is always greater than that of 
any other part.* 

322. A fluid running from an orifice in a vessel is 
discharged with the greater rapidity when the vessel 
from which it flows is kept constantly full. 

323. When a fluid spouts from several orifices in the 
side of a vessel, it is thrown to the greatest distance 
from the orifice nearest to the centre. t 

324. A vessel filled with any liquid will discharge a 
greater quantity of the liquid through an orifice to 
which a short pipe of peculiar shape is fitted, than 
through an orifice of the same size without a pipe.]; 
But if the pipe project into the vessel, the quantity dis- 
charged will be diminished instead of increased by the 
pipe. 

325. The quantity of a fluid discharged through a pipe or an ori- 
6ce is increased by heating the liquid ; because neat aiminishes the 
cohesion of the particles, which exists, to a certain degree, in all 
liquids. 

326. The velocity of a current of water may be as- 
certained by immersing in it a bent tube, shaped like a 
tunnel at the end which is immersed. 

327. lUustradon, Fig. 55 is a tube shaped like a tunnel, with the 
larger end immersed in an opposite direction to the current. The 

* In consequence of the fViction of the banka and beds of riven, and the nu- 
merous obstacles they meet in their circuitous course, their progress is slow. If 
H were not for these impediments, the velocity which the waters would acquire 
would produce very disastrous consequences. An inclination of three inches in 
a mile, in the bed of a river, will give the current a velocity of about three milea 
an hour. 

t This is true only on the condition that the vessel be not elevated. If the 
vessel be elevated, the lowest orifice will discharge the fluid to the greatest dis- 
tance, but when the vessel is placed low, the fluid will reach the plane brfore 
its projectile force is expended. 

\^ This ii: caused by the cross currents made by the rushing of the water flrom 
different directu;z« towards the riiarp-edged orifice. The pipe smooths the pas- 
sage of the liquid. 



Why does the surflu^e of a canal or river have a greater velocity than any 
other part f What benefit results ttom friction retarding the motion of water ? 
322. Does the fulness of a vessel flrom the orifice of which a fiuid is running, 
have any efibct upon its velocity ? 323. When a fluid spouts flrom several ori- 
fices in the side of a vessel, flrom which is it throvm to the greatest distance? 
324. What eflfect will a pipe, fitted to an orifice, have with r^ard to che quan- 
tity discharged ? What will be the effect if the pipe prqject into the vessel I 
385. How can the quantity discharaed through a pipe or orifice, be increased f 
Why will heat increase it ? 326. How can the velocity of a current of water 
be ascertained ? What does Fig. 55 represent ? Bow is the rapidity of ths 
dBTent estimated ? 
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npi^tf of (be carnnl ii catinwted by 
the height to which the water ia farced 



L 



le height to 
luto the tube, above Ihe surface of Ihe 
cunenl. By auch an inatiument tha 
coiDpuBtiira velocity of diSerent 
■tieami, or the aame atream at dif- 
ferent times, may he ealimated. 

328. Waves are caused by 
the friction between air and 
water,* 

339. The instrumeota used 
for raising or diawing water or 
other liquids, are the syphon, 
the common pump,'|' the chain 
pump, the forcing pump, and 
the screw of Archimedes. 

330. The screw of Archimedes is & machine said to 
have been invented by the philosopher Archimedes, for 
raising water and draining the lands of Egypt, about 
SOO years before the Christian era. 

XII. BltatnUim.F\g- Fi|. K. 

ore 56 repreaenla l£e --■ 

■crew of Archimedes. 
A single tube, or two 
tuhei, are woand in 
the form of a screw 
■niiiDd a ahaft or cy- 
linder, supported oy 
the prop and [he piv- 
ot A, and turned by 
the bandle n. As the 
end of the tabe dips 
into the water, it is 
Elled with the fluid, 
which is forced up 
■ the lube by every a uo- 

ceisive revolution, until it is discharged at the opper end. 






vervad in a raging lurC In Bonaeqo«na of [hs ai 
and tha fbrclog pmnp, will be axplaincd In addbc 



I WhmL la aom- 
iplola tU na* 7 



6S n.-.TUBAL PHILOSOPHY- 

SSS. l%e chain pump is a kind of pump used on 
board of ships. 

Fi«. ST. 
333. lUaatratiBa. Fig. 57 repiesentB a chain 
pamp. Jt conuBta of a square box Ihrougb 
which a number of square boorda or buckels, 
GODnected by a chain are mule to pass. The 
chain P"*ei over the wheel C and under the 
wheel D, which is undei water. The buck- 



a fit the boi, b 
ireate maoh friction. The upper wheel 
■ tamed by a *" ' — "" ' 



C, 



rig)« 



raok, (not n 

es the chain with the buckets 
.0 paw through the boi. Each buck- 
et, as it enters the boi, lifls up the water above 
K, and diachargea it at the top. 

334. Springs and rivulets are form- 
ed by the water, from rain, snow, &c., 
which penetrates the earth, and de- 
scends until it meets a substance which 
it cannot penetrate, A reservoir is 
then formed hj the union of small 
Btreams under ground, and the water 
continues to accumulate until il finds 
an outlet. 

335. lUuamttum. Fig.~ 

58 repreaeala a trady of pl,. ^ 

water, A, formed bj the 
continual "" * 



dactB or rivulets, aaaa. 
When the water liies as 
high aa B il finds a pas- 
sage out of the cavity, 
and runa on till it makes 



then forraa a apriiiK at C. .;. 

336. A spring will rise nearly as high, but cannot 
rise higher than the reservoir from whence it issues. 
Water may he conveyed over hills and Valleys in bent 
pipes and tubes, or through natural passages, to any . 
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height which is not greater than the level of the reser- 
voir from whence it flows.* 

337. Fountains are formed by water carried through 
natural or artificial ducts from a reservoir. The water 
will spout through the ducts to nearly ^ the height of 
the surface of the reservoir. 

338. The Syphon J is a tube bent in the form of the 
letter U, one side being a little longer than the other. 

339. Illustration. Fig. 59 represents the Syphon of the Boston 
School set. A syphon is used by filling it with water or some other 
fluid, then stopping both ends, and in this state immersing the 
shorter leg or side into a vessel containing a liquid. The ends then 
being unstopped, the liquid will run through the syphon 
until the vessel is emptied. In performing this experi- ^'** *®* 
ment, the end of the syphon which is out of the water ^ 
must always be below the surface of the water in the 
vessel. The syphon may be used to show the equili- 
brium of fluids, by pouring in a small quantity of mercury 
and thirteen and a half inches of water into the largest 
part. The liquids will rise in each side or leg of the sy- 
phon, in height, proportioned to their specific gravity. 
The mercury being of specific gravity thirteen times 

freatcr than that of water, will balance thirteen times its 
ulk of water. Consequentlv the water will rise thirteen 
times as high on one side of the syphon as the mercury 
is on the oUier. But if one liquid onlv is poured into the 
syphon it will rise to the same height in both sides or 
legs of the syphon. Any other liquids may be used with similar 
e&ct ; namely, the lighter liquid will rise as much higher on ono 
side of the syphon than the other as the specific gravity of the ona 
fluid exceeds that of the other. 

340. Tantalus' cup consists of a goblet containing a 

* The ancient Romans, iterant of this property of fluids, constructed vast 
aqueducts across valleys, at great expense, to convey water over them. The 
modems effect the same oliject by means of wooden, metallic, or stone pipes. 

t The resistance of the air prevents the fluids from rising to quite the same 
height with the reservoir. 

X The Syphon belonging to " tke Boston School set " is a glass tube, the longer 
arm of which is about 21, and the shorter arm about 6 inches in length. Be- 
sides the experiments made with it, which are mentioned above, the following 
may be performed. 1. Screw the stop-cock (JSee Fig. 66.) into the short end 
of the syphon *, close the stop-cock, and pour a quantity of mercury into the 
longer arm. The air contained in the shorter arm will prevent the mercury 
from rising in that arm, but on turning the stop-cock, the mercury will rise to 
an equilibrium in both arms. 

337. How are fountains formed f How high will the water spout through 
the ducts? What prevents the fluids from rising to the same height with the 
reservoir i 838. What is the syphon i In what manner is the syphon used ? 
How can ihe syphon be used to show the equilibrium of fluids f How high 
will the liquid rise in each side of the syphon f What experiment, made with 
the syphon,^ mentioned in the note i 340. What is Tantalus' cup I ^ 
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small figure of a man. A syphon is con- 
cealed wilhin the figure, which empties the "«■«■ 
water from the goblet m fast as it is poured 
ia, BO that the glass can never be filled. 

Fig. 60 represents the cup wilh the Bj^a. 

■ate of the maa ia omiUed, in oidec that tbe poutioa | 

the ■yphon maj be aeen. 

341. Water by means of its weight or 
force when in motion, becomes a mechanical 
agent of great power. It La used to propel 

or turn wheels of different construction, which being 
connected with machinery of varioua kinds, form 
mills, &c. 

342. There are three kinds of water-wbeels, called 
iinderahot, overshot, and breast wheels. 

343. The Overshot wheel is a wheel set in motion by 
the weight of water flowing upon it. It receives its 
motion at tbe top. 

344. laaitral'um. Fig. Gi represents 1^ Bl 
the OTershot wheel. It coneiatfl of a 

wheel tiunine on itn aiis, (not rep- 
leoenlsd in t&a Hg.) with oomptut- 
menls colled buckets, abed, &c., at 
the cireuraference, which are auc 
cesaivelr filled with water from tlie 
(tteam S. The weight of the water 
in the backeta causes the wheel to 
torn, and the buckets being giadually 
inverted are emptied as tbe; descend. 
It will be seen, fram an iaapectina of 

the figure, that the buckete m the descending side of the wheel are 
always filled, or partly filled, while those in tlie opposite or ascend- 
ing pari are always empty until they are again presented to the 
■tream. This kind of wheel ia the most powerful of all the water- 

345. The Undershot wheel is a wheel which is set in 
motion by the motion of the water. It receives ita 
impulse at the bottom. 
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346. Wustration. Tig. 
ea represenW liie under- 
■hot wheel. Inelead of 
buoketa nt the circumfer- 
ence, it JB furnithed with 
plane Burraces, called float- 
boarda.o A erf, &c., which 
receive the impulse of the 
water, andcnuae the nheei 
to revalve. 



347. The Breast wheel is a wheel which receivea the 
water at about half its own height, or at the level of its 
axis. It is set in p^ 53 

motion both by the 
weight and the mo- 
tion of the water. 

348. IHiatratiim, 
Fig. 63 leprewnts a 
breaBt nheel. It is 
fucDlBhed either witb 
buckels, or with float- 
boards, fitting the w«- 

349. Id all the ivheela which hare been described, the motion 



or pinions 
:e ii. No. £ 



SECTION XI. 

PiMumofiM. 

350. Pneumatics treats of the nature, mechanical 
properties, and effects of air and similar fluids, which 
are distinguished by the name of aeriform fluids. 
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351. the air which we breathe is an elastic fluid which sur 
rounds tlie earth, and extends about forty-five miles above its sur- 
fnce* It possesses many of the properties belonging to liquids in 
general, besides several others, the result, or, perhaps, the cause of 
Its elasticity. Its specific gravity is eight hundred times less than 
that of water, t 

S52. Air, steam, vapor, gas, are all elastic fluids possessing the 
same mechanical properties. t Whatever, therefore, is stated in re- 
lation to air, belongs in commou to all of tliese fluids. 

353. Air and other similar fluids have weight, but their particles 
do not, under any circumstances, adhere together; or, in other 
words, they are influenced by gravity, but have no cohesive attrac- 
tion. § 

Sd-k Air has two principal properties, namely, grav- 
ity or weight, and elasticity. 

355. By the elasticity of the air is meant its power 
of increasing or diminishing in bulk, or extension, ac- 
cording as it is more or less compressed. || It is this 

* See ad note to No. 98, page 13. 

t The air is necessary to animal and vegetable lift, and to combustion. It is 
a very heterogeneous mixture, being filled with vapors of all kinds. It consistis 
however, of two principal ingredients called oxygen and nitrogen, or azote ; of 
the former of which there are 28 parts, and of the latter, 72 in a hundred. The 
air is not visible, because it is perfectly transparent. It may be flelt when it 
moves in the form of wind, or by swinging the hand rapidly backward and for- 
ward. 

iThe chemical properties of liquids, fluids, &c., are not treated in the sciences 
of Pneumatics, Hydraulics, or Hydrostatics, but belong peculiarly to the science 
of chemistry. They are not, therefore, described in this work. 

$ It has already been stated [See No. 70], that heat Insinuates itself l)et ween 
the particles of liodles, and forces them asunder, in opposition to the attraction 
of cohesion and of gra-vity ; it, therefore, exerts its power against both the attrac* 
tlon of gravitation and the attraction of cohesion. But as the attraction of co- 
hesion doea not exist in fluids in the form of air (or aeriform fluids), the expan- 
sive power of heat has nothing to contend with but gravity. Any increase of 
temperature, therefore, expantu an elastic fluid prodigiously, and a diminution 
of heat condenses it. 

I The terms ** rore/aefion," and "rar^ed** are applied to air when it is ex- 
panded } and " eondenaation^** or ** eondetued ^ when it is compressed. It has 
already been stated [Seepage IS, Ifo, 98], that the air near the surface of the 
earth bears the weight of that which is above it. Being compressed, therefore, 
by the weight of that above it, it must exist in a eondensed form near the sur- 
face of the earth, while in the npper regions ^ the atmosphere, where there is 
no pressure, it is highly rarefied. This condensation, or pressure, is very simi- 
lar to that of water at great depths in the sea. £5ee No. 295. J 

851. What is the air which we breathe f How far does it extend above the 
BUrfMce of the earth i Does it pos se ss properties common to liquids in general f 
How does its specific gravity compare with that of water i Of what two prin- 
cijMil ingredients dees the air consist f What is the proportion of these parts 
to each other f 352. What other fluids are named belonging to the class of 
elastic fluids ? 353. Have the air, and other similar fluids, weight ? With what 
power alone has heat to contend in aeriform fluids i 354. What two principal 

Sroperties has the air f S55. What is meant by the elatsttcity of the air ? How 
o. the aeriform fluids difTer from liquids f When is the air said to be rarefied i 
When Qondeused f la the air, near the surface of the eaith, rare or dense ' 
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property which distinguishes the aeriform fluids from 
liquids. 

356. The air pump is an instrument by paeans of 
which the air may be pumped or drawn from a vessel 
prepared for the purpose. The vessel is called a re- 
ceiver, and is made of glass, in order that the effects of 
the removal of the air may be seen. 

357. UlustratioH. Air pumps are made in various ways, and are of 
different constructions Some have two barrels, ^or,in other words, 
are double pumps,) and others only one. The aifTerence between 
them will be present- 



HO 




ly explained. Fig. 64 ^^^' ^^ 
represents a single 
barrel air pump,* used 
both for condensing 
and exhausting. A U 
is the stand or plat- 
form of the instru- 
ment, which is screw- 
ed down to the table 
by means of a clamp, 
underneath, which is 
not represented in the 
6gure. R is the glass 
vessel orbulbed receiv- 
er from which the air p ILft-— l^ »j^ — = ^^^^T' ^f^^^^ f fl 8 

is to be exhausted. P 
is a solid piston, accu- 
rately fitted to the bore 
of the cylinder, and H 

the handle by which it is moved. The dotted line, T, represents 
the communication between the receiver R and the barrel B ; it is a 
tube through which the air, entering at the opening I, on the plate 
of the pump, passes into the barrel, through the exhausting valve 
£ V. c V is the condensing valve, communicating with the barrel B 
by means of an aperlupe near s, and opening outwards through the 
condensing pipe />. 

358. The operation of the pump is as follows : The piston P being 
drawn upwards by the handle H, the air in the receiver R, by its 
elasticity expanding, passes by the aperture I through the tube T^ 

* The air pump, described in this flf are, is one of a namber made by A. &, D. 
Davis, of this city, by order of a special committee, for the Boston Schools. It 
has a piston of large size, being an inch and a half in calibre. The pneumatie 
instruments, meatiened in tlus section, belons to the same set, and are from the 
tame mannfacturer. There are several other manufactories of philosophical 
instrameutrt, in the city, which deserve commendation, among vtrhich may be 
mentioned those of Mr. T. Claxton, and Mr. Chamberiin. 

S56. What is the use of the air pump ? What Fig. represents an air pump-f 
Explain the figure. 358. Explain the operation of the pomp. 
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and through the ezliaasting valve e v into the barrel* On the de 
Bcent of the piston, the air cannot return through that valve, be- 
cause the valve opens upwards only : it mast, therefore, pass 
through the aperture, by the side of the valve, and through the 
condensing valve c v into the pipe p, where it passes out into the 
open air. it cannot return through the condensing valve c v, be- 
cause that valve opens outumrds only. By continuing this opera- 
tion, every ascent und descent of the piston P must render the air 
within the receiver R more and more rare, until its elastic power is 
exhausted. The receiver is then said to be exhausted; and although 
it still contains a small quantity of air, yet it is in so rare a state 
that the space within the receiver is considered a txicuum* 

359. From the explanation which has been given of the operation 
of this air pump, it will readily be seen that, by removing the re- 
ceiver R, and screwing any vessel to the pipe P, the air will be 
condensed in the vessel. Thus the pump is made to exhaust or to 
condenKe, without alteration.! 

SCO. The double air pump differs from the single air pump, in 
having two barrels and two pistons; which, instead of being moved 
by the hand, are worked by means of a toothed wheel, playing in 
notches of the piston rods. 

36 1 . By means of the air pump the following facts 
are illustrated : First, that the air has weight. Sec' 
andly, that it is susceptible of almost unlimited expan- 
sion. Thirdly, that it can also he condensed, or 
crowded into much smaller dimensions than it naturally 
has.J 

* Properly speaking, a vacuum it a space entirely empty, having neither air 
nor any other substance in it. From the explanation now given of the operation 
of the air pump, it will be seen, that that instrument is incapable of producing s 
perfect vacuum. But the air within the receiver is so excieedingly rare, when 
thus exhausted, that, for all practical purposes, it may be considered a vacuum. 
The only mode of producing a perfect vacuum is by means of the Torricellian 
experiment, on the principle of the Barometer, which will be expledned here- 
after. 

t The piston and valves of the air pamp should be kept well oiled. All the 
brass work, in the Boston School set, being lackered, need not be fiollshed ; but 
all those parts which come into contact with water should be wiped dry after 
they have been used. 

{ This property is not illustrated by common air pumps, but is exhibited by 
an instrument called a condensing syringe, or condenser. The peculiar con- 
struction of the air pump belonging to the Boston School set of philosophical 
instruments, as has already been shown, adapts ike instrument both for ex 
hausting and condensing, and thereby supplies the place of a separate instru- 
ment for condensing. The condensing syringe is, in fact, nothing more than 
the air pump reversed, by which air is driven into any vessel instead of being 
drawn out. The valve, therefore, opens inwards in respect to the vessel, 
Instead of outwards, as the exhausting pump is constructed. 

Note. What is meant by a vacuum ? In what way can a perfect vacuum be 
produced f 360. How does the double air pump differ (irom the single f 381. 
What facts are illiistraied by means of the air pump i 362. What is' the first 
experiment mentioned, to be made with the ur pump i 
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Fig. 66. 




362. Exp^ments to be made toUk the tor pump. Place the glaw 
receiver R, as represented in Fig. 64, upon the pomp plate, and 
exhaust the air from under it, bv working the piston up and down. 
The receiver will adhere strongly to the plate. But if the air be 
readmitted, by turning the screw S, the receiver may easily be 
raised. This experiment shows the pressure of the atmosphere, 
caused by its weight. 

363. Fi^. 65 represents the hand glass. It is, in 
fact, nothmg more than a tumbler, open at both 
ends, with the top and bottom ground smooth, so 
as to fit the brass plate of the air pump. Put it 
upon the plate, and cover it closely with the palm 
of the hand, and work the pump. The air within 
the glass being thus exhaustea, the hand will be 
pressed down by the weight of the air above it; 
and the pressure felt upon that portion of the hand 
over the glass will be equal to 14 or 15 pounds to 
every square inch. This experiment likewise 
shows the pressure of the air. 

364. Place a small bladder, partly filled with air, and tightly 
dosed, under the glass receiver, and, on working the pump, thus 
removing the air from around the bladder, the air within will grad* 
ually expand, and cause the bladder to appear full. On turning the 
screw S, and readmitting the air, the bladder will immediate^ re- 
sume its shrivelled appearance. The same effect may be produced 
on a dried apple, or raisin, if the skin be whole. This experiment 
shows the elasticity of the air. 

365. Fig. ^ represents a stop cock, 
of which there are two, of different 
sizes, with a screw fitted to the aper- 
ture I in the brass plate, or to the pipe 
near the condensing valve c v in front 
of the pump. By inserting the stop 
cock into an India rubber bag, or fitting 
a bladder to it, and screwing it into the pipe in front, and working 
the pump, air will be condensed into it. When . Uiis is done, re- 
move the bag or bladder to the screw in the brass plate, and plac^ 
another ba^ on the condensing pipe. On working the instrument, 
the air will be conveyed from the full to the empty bag or bladder. 
Thus the pump is made to exhaust and condense at the same 
time. 

366. Fig. 67 represents the elastic tube. 
Screw the elastic tube into the pump 
plate, and connect the other end by the 
stop cock, with the glass syphon [see Fig. 
59] immersed in mercury. On working 
the pump the mercury will rise in the syphon to the height of 



Fig. 66. 



mm 
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Fig. 67. 




What does this experiment show? 363. What experiment in performed 
with the hand glats ? To what ia the prewBure felt upon that portion of the hand 
over the glass equal i What does tliis experiment show f 365. What doe* 
Fig. 66 represent I What experiment in performed with it ? 366. What 
does Fig. 67 rejpresent ? What experiment is performed with it t 
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Fig. 68. 



more than twenty-eight inches, showing that the upward pressure 
of the atmosphere is equal to this height of mercury.^ 

367. With the elastic tube still attached to the air pump, and the 
Bvphon, as in the last experiment, the stop cock being open, — stop 
tne other end of the syphon with the finger, exhaust the air, then 
close the stop cock ; now insert the end of the syphon, which is 
stopped with the finger, into a bowl of water, and remove the finger : 
the water will immediately fill the whole length of the syphon, and 
would rise thirty-three feet, were the syphon as long. 

368. Fig. 68 represents the instrument 
for raising a weight by the upward pres- 
sure of the air. It consists of a glass tube, 
of large bore, set in a strong case or stand, 
supported by three legs. A piston is ac- 
curately fitted to the bore of the tube, and 
a hook is attached to the bottom of the 
piston, from which weights are to be sus- 
pended. One end of the elastic tube is to 
be screwed to the plate of the pump, and 
the other end attached to the top of this 
instrument. The air being then exhaust- 
ed from the tube, the weights will be rais- 
ed the whole length of the glass. The 
number of pounds weight that can be rais- 
ed b^ this instrument may be estimated by 
multiplying the number of square inches m the bottom of the piston 
by fifleen. This experiment shows the upward pressure of the air. 

3(59. Fig. 69 is a bell-shaped ^lass, covered pj- gg^ 

with a piece of bladder, which is tied tightly 
around its neck. Thus prepared, it may be 
screwed to the plate of the air pump, or con- 
nected with it by means of the elastic tube. 
On exhausting the air from the glass, the exter- 
nal pressure o? the air on the bladder will burst 
it inwards with a loud explosion. The experi- 
ment may be reversed, and the bladder burst, 
by condensing air within the glass. For this 
purpose, transfer the glass, or the elastic tube connected with it, to 
the condensing tube r, and, on working the pump, the air will be 
condensed within the Mass, and by its pressure burst the bladder 
outwards, with a loud explosion. The former experiment is the 
result of the gravity, the latter of the elasticity, of the air. 

* This experiment furnishes a test of the power of the pump. Caution is 
necessary in disengaging the syphon from the flexible tube, or taking it out of 
the mercury. In all cases, the thumb screw of the air pump should be turned, 
and air admitted before removing the syphon, &c., otherwise, the air, rushing 
in at the lower end of the syphon, will force the mercury violently into the air 
pump, and probably break the syphon. 





What does this experiment show ? 368. What does Fig. 68 represent ? Of 
whatlloes it consist i How is it used i How can the number of pounds weight, 
that can be raised by this instrument, be estimated ? What does this experi- 
ment show ? 369. What does Fig. 69 represent ? What experiments are 
aienlion«i in No. 369. Of what is the first experiment the result? The 
Mcond? 
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Fig. TO. 



371. Fie- 71 is culled the g 
lections of pbilosaphical appa 
receiver, with brsflS Bheivee 



370. F^. 70 )B s glisB ■imilu to (be one rep- 
lesented m the last figure, covered with Indis 
rubber. The same eiperiments m&y be oiatta 
ivi(h this aa were mentioned in the last arlicle, , 
but with difierent lesQlls. Inalead of bursting, 
the India rubber will be pressed inwarde the I 
whole depth of the glisB, when the air i 
ti&UBted ; &nd will sweU antwsrds like R 
flated bladder, when the air lb condensed ii 

""" "' — ■ " d the gninea and feaUierdrop. In n 

' appaiatue, this InBtrament consists of a latl 
iives near the top, on which 
a feather ma; be placed. The air being e 
Kauattd, and a screw on the top being turned, (he shelves 
drop, and cause the guinea and feather to fall together. 
This instrument is deugned to show bow falling Dodies 
are retarded by (lie resistance of the air. When £e air is 
within' tbe receiver, the guinea will fall firet, while the 
leather, being retarded by the reaiatance of (he air, fatlg 
slowly ; but when the air is exhausted, the; will both 
reach the bottom at the same moment. The inatrument 
represenled in the figure i« the one belonging (o (he 
" Boslon School set," and ia of ditTerent construction. It 
eoaaists ofa large glass tube, sealed at one end, and fitted 
for tiie reception of the stop cock [see Fig. a!) at the 
other. A feather and a small piece of brass (in lieu of 
the guinea) are inclosed in it. Before exhausting the ait, i1 
be turned several times, to allow Iha 

pump, the air exhausted, and tbe stop cock closed. On removing 
It from the pump and turning it up, it will be aeen thai both the 
n...i.„ .„j .t. 1 ;[i jyi together, and reach the bottom at the 



feaUier and (he brass w 



1 



Fig. 72 represents the straight jet, which i« a 
small brass lube. Fig. 73 is the fountain glass. 
The experiment with these instruments is de- 
signed to sliow the pressure of the atmosphere 
on (he eurfoce of liquids. Screw the atop cock 
to the jjlale of (he air pump, then screw (he 
straight jet into the stop cock, and the fountain 

8 lass over the jat to the eock. Having ex- 
ansled the air from the fountain glass, turn 
(he slop cock, and removing it with tlie glass 
from the pump, and immersing it in a vessel 
of water, open (he stop cock. The pressure of 
tbe air on the surface of the water will cause it 
1 Dp into the glass like a fountain. 

Whj.1 doB Fig, 50 rEprmeol ! How io lbs ei|>crlDilnitB m 
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373. Fifir. 74 represents the flask or glass 
▼essel and scales for weighing air. Screw 
the stop cock to the flask, and hanging it 
to the hook nnder the shorter scale, ascer- 
tain the weight of the flask while it is 
open, and of course, filled with air ; then, 
having screwed it into the pump plate, 
and exhausted the air, again weigh the 
flask. The diflTerenoe between its present 
and former weight is the weight of the air 
that was contained in the flask.* 

374. Fig. 75 is a hollow, brass 
globe or condensing chamber, 
for condensinff air. Having part- 
ly filled it witii water, and insert- 
ed the stop cock, screw it to P, 
the condensing pipe of the pump, 
and condense the air ; then turn 
the stop cock to confine the air, 
and, removing the globe from the 
pump, insert the straight jet (Fig. 
7*2) into the stop cock ; and, on 
turning the cock, the pressure of 
the air within the globe will 
force the water out in a beautiful 
stream, and with great force. 

Fig. 76. 



Pig. 74. 




Pig. 75. 





375. The same experiment may be performed with the revolving 
Jet represented in Fig. 76. The water will form a beautiful circle 
m the air as it is rorcibly ejected from the jet, and the tube will 
rapidly revolve. 

376. Fiff. 77 is a small brass cylinder, or Fig- "•* 
gun barrel, with a screw fitted to the brass 
globe, designed to show the operation of an 
air gun.t Screw the brass globe, with the 

* Condensed air may likewise be weighed in the brass globe, alYer being 
introduced as described in the next experiment. In weighing air, the tempera- 
ture of the room mnat be observed, because heat rarefies it, and renders it light- 
er; therefore the wanner the room in which the experiment is tried, the lifter 
the air will be. 

t Condensed air, by its elastic force, will produce eflbcts similar to gunpow- 




S7S. What does Fig. 74 represent \ What experiment is mentioned \ Nott. 
Bow can condensed air be weighed i What is necessary to be observed In 
woigihing air f 374. What does F^. 75 represent f What experiment is men- 
tioned ? What does Fig. 76 represent f 376. What does Fig. 377 represent i 
What Is its dei^ ? llfoit. What is said with regard to condensed air I 
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slop cock, to Ibc condeiuing p]pe of liie air pump, and .. 
the air. Turn the «lop ooo£, remove the globe irom the oonuBii*- 
■ng pipe, and screw tlie gan barrel to the stop cock ; put a lead sbot, 
or paper bait, intu (lie ^rel, and quickly open the atop cock : tbs 
■hot will be thrown with force acroiB the room, 

377. Fig. 78 representa (he Btnught receiver" Pill 
the Btraifffal receiver with water, and, placing it on the *»■ '*■ 
plnte of the aii pump, cover it with Ihe bnlbed receiv- 
er, and eihaust the air. The air contained within the 
water wiH then lise in bubbles, and, escaping from the 
Burfaoe, present the appearance of boiling water. 

37B. With tiie two receiven, as in the last eiperi- 

haustinff the air from the water, the air will be aeea 

iasuing from the pores of the wood. 
379. Fig. 79 repnnenU the glaas baltooo. With the 
Fif. 13. recerver, a> in the last two euerimeola, 

place the balloon wilh (tie neck downward* 
apon the surface of (be water. (It will, 
peihapii, be necessar; to admit a little 
water into the balloon to make it (taud in 
. the water.) On eihauBting the air, (be dr 
will be seen iuuiag from the balloon. The ur being 
admitled into the receiver, the balloon will sink ; or, 
again eihaosting the air, the balloon will rise. The 
eiperiment ma; De repeated at pleaaiue. 



light will be eiEin^oisbed, and the smoke will fall, ina(ead of rising. 
If the air be readmitted, the smoke will ascend. 

382. Fill (he straight receiver with water, cover it clowly with 
paper, and invert it, — the paper will be held on bj (he npward 
preaaare of (he air, BlUioDgli it sustains the wh<^ weight of the 

.der. AJr fiu kave basn contnicied IVodi whtoh ihot naj ba thrown wlUi * 
Ibrce slniMt si (real u Ikit of luspowder. Wlih tlu sir kub, a bull«t may 
be mads to perfinalo a bvajd. with tbB bnn £lob« and tb« cyltsder or 
fan barrel, described In Fig. TT, Uis openllon or Iba sir (ua mar wBt tx 

' Thl> TOKl pniperly be1iiii<i lo Che elselrici] apjnralBS, and Ibr tbii 
li coaled wllh nrlps «f an flilC Ifte a Lerdu^ 11 >*_^ 5'?y"'* E 

eineriiDenltameBlloMdP sn. What does Rf. 71 raprsHI f «^ 
__.' .. .. ., 1 , «8, wtal sipwinsDl li nenlloiwl In Wft 



!• Fli. 19 npnaent f Wkat aipfliiM 
Is N». aw sWi sal ! SBX. what Is 
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383. Fig. 80 represent the Magdebargh Flf- ^ 

cups or bemisphereB. They consist of two 
hollow brass caps, the edges of which are ac- 
curately fitted together. They each have a 
handle, to one of which the stop cock is fit- 
ted. The stop cock, being attached to one 
of the cups, is to be screwed to the plate of 
the air pump, and left open. Having joined 
the other cup to that on the pump, exhaust 
the air from within them, turn the stop cock 
to prevent its readmission, and screw the 
luindle that had been removed to the stop 
cock. Two persons may then attempt to 
draw these cups asunder. It will be round 
that great power is required to separate 
them ; but, on readmitting the air between 
them, by turning the cock, they will fall 
asunder by their own weight. When the 
air is exhausted from within them, the pres- 
sure of the surrounding air upon the outside keeps them united. 
This pressure, as has already been stated, is equal to a pressure of 
fifteen pounds on every square inch of the surface. Whence it 
follows, that the larger the cups or hemispheres the more difficult it 
will be to separate them. 

384. By means of a weight, sink a small bladder, partly filled 
with air, and tightly closed, in water contained in the straight re- 
ceiver, — cover it with the bulbed receiver, and exhaust the air, — 
as the surrounding pressure is thus removed the air within the 
bladder will expand, and its specific gravity being thus diminished, 
it will rise. On readmitting the air it will sink again. 

385. If an animal be placed under the receiver, and the air ex- 
hausted, it will immediately droop, and if the air be not speedily re- 
admitted it will die. 

386. A simple and interesting experiment, connected with the 
science of chemistry, may thus oe performed by means of the air 
pump. A watch glass, containing water, is placed over a small 
vessel containing sulphuric acid, and put under the bulbed receiv- 
er. When the air is exhausted, vapor will freely rise from the 
water, and be quickly absorbed by the acid. An intense degree of 
cold is thus produced, and the water will freeze. 

387. In the above experiment, if ether be used instead of the acid, 
the ether will evaporate instead of the water, and in the process of 
evaporation, depnving the water of its heat, the water will freeze. 
These two experiments, apparently similar in effects, namely, the 
freezing of the water, depend upon two different principles which 
pertain to the science of chemistry. 



S8S. What doea Fig. 80 represent ? What experiment is here mentioned ? 
Poes the siae of the cups have any effect upon their separation ? 384. What 
experiment is here mentioned i S8& What one is mentioned in this number f 
386. What experimmit, connected with the science of chemistry, is men- 
tioned ? What will be the effect if ether be used instead of the acid .' 
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The following experiments may be made toith the syphon, [See 
Fig. 69.1 

388. 8crew the stop cock into the shorter end of the sjphon, close 
the stop cock, and pour mercury or water into the longer side. The 
air contained in the shorter side will prevent the liquids from risingr 
in the shorter side. But if the stop cock be opened so as to afford 
free passage outwards for the oir, tne fluids will rise to an equili- 
brium, that is, to equal height in both arms of the syphon. 

389. With water or mercury in the syphon, and the stop cock 
open, turn the syphon so that the fluid will enter the shorter arm, 
and when that arm is filled up to the stop cock, close the stop cock 
to prevent the admission of the air : the syphon may then be turn- 
ed in any direction and the fluid will not run out, on account of the 
pressure of the atmosphere aj^ainst it. But if the stop cock be 
opened, the fluid will run out Seely, 

390. With a quantity of water in the balloon, (Fig. 79.) or a 
weight attached to it sufficient to render its specific gravity nearly 
the same with that of water, immerse it in a tall vessel full of 
water, and let it float on the surface. Cover the top of the yesael 
closely with India rubber, or any elastic covering. On pressing 
the covering with the hand, the oalloon will immediately descend 
in the water, and when the pressure is removed it will again float 
about, rising or falling, or standing still, according to the pressure 
on the covering. 

391 . This experiment may be thas explained : — the pressure on 
tlic top of the vessel first condenses the air between the cover and 
the surface of the water ; — this condensation presses upon the 
water below, and as this pressure aflects every portion of the water 
throughout its whole extent, the water, by its upward pressure, 
compresses the air within the balloon, and makes room for the as- 
cent of more water into the balloon so as to alter the specific gravity 
of the balloon, and cause it to sink. As soon as the pressure cea* 
scs, the elasticity of the air in the balloon drives out tlie lately en- 
tered water, and restoring the former lightness to the balloon causes 
it to rise. If, in the commencement ofthis experiment, the balloon 
be made to have a specific gravity too near that of water, it will not 
rise of itself, after once reaching the bottom, because the pressure 
of the water then above it will perpetuate the condensation of the 
air which caused it to descend. It may even then, however, be 
made to rise, if the perpendicular height of the water above it be di- 
minished by inclining the vessel to one side. 

392. This experiment proves many things ; namely : 

First. The materiality of air, by the pressure of the hand on the 
top being communicated to the water below through the air in the 
upper part of the vessel. 

Secondly. The compressibility of air, by what happens in the globe 

before it descends. 

~388. What experiment, made with the ■yphon, is mentioned in No. 388 ? 
889? 390 f How would you explain this experiment f What will be the ellfect 
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Thirdly. The dastieUyy or elastic force of air, when the water i» 
expelled from the globe, on removing the pressure. 

Fourthly. The lightness of air, in me buojancjr of the globe. 

Fifthly. It shows thai the nressure of a liquid is exerted in all di- 
reedonSf because the effects nappen in whatever position the jar be 
held. 

Sixthlu. It shows that presawe is as the depth, because less pres- 
sure of UR hand is required, the farther the globe has descended in 
the water. 

Seventhly. It exemplifies man^ circumstances of fluid support. A 
person, therefore, who is familiar with this experiment,^ and can 
explain it, has learned the principal truths of hydrostatics and 
pneumatics. 

393. Air may become a mechanical agent by mean» 
of its four properties, weight, inertia, fluidity, (or power 
oftransmitting pressure,) and its elasticity. 

394. The pressure of the air, (as has already been 
stated) caused by its gravity or weight, is equal to fif- 
teen pounds on every square inch of any surface ; hence 
it is calculated that a man of common stature has to 
sustain a weight of about fourteen tons of air. The 
equality of the pressure on every part of bis body pre- 
vents his being injured by this immense weight ; and 
the air contained within the body and its pores, also 
counterbalances the weight of the external air. If this 
external pressure were removed, the air within the 
body, meeting with no external {>ressure to restrain its 
elasticity, would burst the parts which confine it, and 
destroy life. This pressure is proved by numbers 361,^ 
368, and 382, pages 68, 70, and 73. 

* On the same principle with- the balloon, described in this experiment, seve- 
ral imajres of glass, hollow within, and each having a small opening at the hee> 
by which water may pass in and out, may be made ta roancMivre in a vessel of 
water. Place them in a vessel in the same manner with the balloon, but by al- 
lowing diflTerent quantities of water to enter the apertures in the imnges, cause 
them to differ a little from one another in specific gravity. Then, when a pres- 
sure is exerted on the cover, the heaviest will descend first, and the others fo]> 
low in the order of their specific gravity ; and they will stop or return to the 
surface in reverse order, when the pressure ceases. A person exhil>iting these 
figures to spectators, who do not understand them, while appearing carelessly 
to rest his hand on the cover ofthe vessel, seems to have the power of ordering 
their movements by his will. If the vessel,, containing the figures, be inverted, 
and the cover be placed over a hole in the table, through which, unobserved^ 
pressure can be made by a red rising through the hole, and obeying the foot of 
the exbibiter, the most surprising evolutions may be produced among the figures^ 
in perfect obedience to the word of command. 



S^ 



Thirdly ? Fourthly ? Fifthly ? Sixthly ? Seventhly ? What experiment is 
mentioned in the note ? S9S. How may air become a mechanical agent ? 894. 
To what i» the pressure of the air, on every square inch, equal ? What weight 
of atfT does a common sized mm sustain f Why does not this weight iiijure 
Um f What would be the efftct if this external pressure were removed I 
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395. A vacuum is a space from which the air and 
every other substance has been removed. 

396. The resistance which light bodies meet from the 
air, causes them to fall slowly, while heavy bodies, more 
readily overcoming this resistance, fall rapidly. This 
is proved by number 37 1 , page 7 1 . 

397. When the external pressure is removed from 
any portion of confined air, it will immediately expand, 
and to this expansion there are no known limits. [See 
JVb. 361, page 68.] 

398. A column of air reaching to the top of the at- 
mosphere, the base of which is a square inch, weighs 
fifteen pounds, when the air is heaviest. (See JVb. 394.) 
Therefore, as all fluids press equally, in all directions, 
every inch of our bodies sustains a weight of fifteen 
pounds. 

399. The exact pressure that any individual sustains may, there- 
fore, be ascertained by finding the number of square inches there 
are on the surface of his body , and multiplying it by fifteen. In like 
manner, the weight of the whole atmosphere* may be ascertained by 
finding the ndmber of square inches there are on the surface of the 
globe, and multiplying tiie same by fifteen. In this way it has been 
ascertained that the weight of the whole atmosphere is more than 
five thousand billions of tons. 

400. The air consists of particles possessing the in- 
herent properties of matter, ft, therefore, has the prop- 
erty of impenetrability, (See JVb's. 26 and 27.) like all 
other substances. 

401. RhistrcLtion. If a tube, closed at one end, or an inverted 
tumbler, be inserted* at its open end, in a vessel of water, the water 
will not rise in the tube or tumbler, to a level with the water in the 
vessel, on account of the impenetrability of the air within the tube. 
But if the tube be open at both ends, the water will rise, because 

* The exact height, to which the atmosphere extends, has n^ver been acca- 
rately ascertained ; but it ceases to reflect the sun's rays at a greater height 
than forty-five miles. It has been computed that the weight of the whole at- 
mosphere is equal to that of a globe of lead, sixty miles in diameter. 

396. What is » vacuum ? 398. Why do light bodies fall more slowly than 
heavy ? How is this proved ? 397. What will be the effect if the external 
pressure be removed from any portion of confined air ? Are there any known 
limits to this extension ? 398. What i« the weight of a column of air, the base 
of which is a square inch, reaching to the top of the atmosphere, when the air 
is heaviest ? What weight does every inch of our bodies sustain f How can 
the weight of the whole atmosphere be ascertained ? Has the exact height to 
which the atmosphere extends been accurately ascertained ? At what height 
does it cease to reflect the sun's rays. To what is the computed weight of the 
atmosphere equal ? 400. Of what does the air consist i What follows firom 
this i What lUustratibn of this is given ? 

7* 



NATURAL PHILOSOPHY. 



oonitructed. 
408. Fie. 81 repreienta 

» laige hesvj veewl, formed like 



beTl,(but niii»be msiie of any other shape,) 



preventA tlie wawr irom risiog in Ihe bell, 
A pcrkm, therefore, nny descend with eafc- 
ty in the bell lo a creat depth in the sea and 
Uius recover vatuoble artjclea thai have been 
lost. A conalanl aupplj of fresh air is sent D 
down, either by means of barrels, or by & 
forcing pump similar to the condenser of the 
air pnmp. la the Fig., B represents the bell 
with the diver in it. C is a bent metallic 
lube attached to one side and reaching the 
air within ; and P is the forcing pump 
through which air is forced into the bell. 
The lorcing pump is attached to the tui>e by [ 
a joint at D. 

When [he bell descends to a great depth, 

the pressure of the water coodenscs Ihe air 

within the bell, and causes the water to ascend in the belt. This 
is forced out by constant accessions of fresh air, supplied as above 
mentioned. Great oare must be taken that a constant supply of 
fresh air is sent down, otherwise the lives of those within the bell 
will be endangered. The heated and impure ail is allowed to es- 
cape through a stop cock in the upiMT part of the bell. 

403. The Barometer, or weather glass,* is an instru- 
ment to meaaute the weight or pressure of the atmos- 
phere, and Toretell the* variations of the weather. 

404. The Thermometer^ is an instrument t< 
the heat of the air. 

405. The HygrometerJ is an instrument to ir 
the degree of moisture in the air. 



lOt nrtnclple !• Ibe dlvlns bdl couimcud I 
Ell f \nj ioa not tl« otlcr ri« li< tha bi 
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408. Fig. 83 reprewiili ■ barometer. It coniirt» of 
a long glass lube, about thlrly-lhree inches iu length, **• "^ 
cloBed at the upper end and tilled with i 
tube is then inrertnl in a cup. or ieathi 
our;, on which ths pioBiiiro of the Btm 
erted. Aa'the lube la closed at the to] 
that the mercuiy cannot descend in Uh 
producinff a vaouura." The pressure 
phere (which is capable of supporting 
mercury of about tia or 30 inches in be 
the desceat of the rrwrcur; ; and the in 
constructed, becomes an impleuient fu 
the weight of the slraosphere. As thi 
weight or pressure, it must, of couise 
mercury in the tube, which will rise oi 
proportion with the pressure. When 
and light, the pressure is less, and Uu 
descend ; and wlicn the air is dense i 

mercury will rise. At the aide of the tube there is a ecate, marked 
■inches and tenths of an inch, to note the rise and fall of the mer- 

407. The pressure of the atmosphere on the mercury, 
in the bag or cup of ft barometer, being exerted on the 
principle of the equilihrium of fluids, [See JVb. 383,) it 
must vary according to the siluHtion in which the barom' 
eter is placetf. For this reason it will be the greatest 
in valleys and low situntions, and least on the top of 
high mountains. Hence the burometer is oflen used to 
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Iter of Ihat lietght. Hsrcar; is used, lheren>rc, fu 
sivr, bvcniise ti does nol require so Long m lubv m 
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and other p!ap 

(See Jfo. 



resemblea t 

rit principle, and Tot a ditl^rent 

a cspillnry lube, clowd at the 
111 a bulb, which is filled with . 
panda and cold conlrsclB most 
ha.t in watm weather the mer- 
I ntid will rise in the tube, and 
will cnntmct and sink. Hence 
1 a correct measure for the heat 

sc»!ct ia placed at Ihe side nf 
egree or heat or cold, aa it ia in. 
ftll of Uie mercury in the capil- 

r, for measuring the degree of 
ay be conatmcted of any thing 

■ ■ ■ if wood; 



iieaa of tht 

catgut, twisted cord, the beard of wild 
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410. The pressure of the atmosphere 

of a well, or any other portioa of water, 
whfch water is raised by the common 
act of pumping, the pressure of the at 
moved from the water withio the body o 
the water, consequently, will r 

411. Fig. 84 r 
tlie eucking punn 

or pipe, tlie lower end of which is lo de imuiei 
tbe walei which it ia designed to raise. P is t 
ton, V a valve in the piston, which, opening u] 
adiuita (he water t* rise through it, l3ut prevenb 
turn. T is a similar valve in the body of the pumf 
the piston. When Ibe pump is not in action th( 

* are closed by (heir own weight ; but wbeo the p 
■ up the column of ' 



s the V 

*Wlken tlie piBlan descends a second time, the v 
tbe bod; of the pump passes thrnugh the valve 
on the ascent of the piston is lifWd up by the 
and a vucunm is again formed below, which is 
dialetj lilted by the water rushing through Ih 
valve Y. In this manner the body of the pamp 
with water, until it reaches (he spont 3, where 
out in an inleriupted stream.' 
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413. The forcing pump differs 
""^pKn having a forciog power added 
ly-desired heighl. 

'5 represents the forcing 



the platon U 
I the lifting 
iiface of Ihe 



The Body oBd [c 



■ inlTB V are i 



n is pro- 
the water 



!, but 



wfaen, therefa 
duoed ahove the lower valv 
on the descent of the pisti 
through the tube into the 



air above it. The air, by ita elasticity, 
ioroea the water out through the jel J 
in a continued strcani and with great 
Evce. It is OD tliii principle that tire 
engineB are constructed. 



n it is substituted for 

tatcr ia then thrown out in a continued 

troam, but not with so much force. 

415. Wind 




lurrent of air put in motion. • 

3. ExphmiUion. When nn^ portion of the atmosphere is heated, 

comes raiefied, its apecific gravity is diminished, and it eunse- 

qnentlj risea. The adjacent portions immediateiy rusli into il3 
place to restore the equilibrium. This motion prudncea a current 
which rushes into the rarefied spot from all directions. Tills is, 
what ive call wind. The portions north of the rarefied spot, pro- 
duce a north wind ; those to the south produce a south wind ; 
while those to the east and west, in like manner, form currents 

* There are mo way> la which (he motion of Ibe air may ariaa. Il may be 
donBidered u an abtoluie motion of Ihe air, rarefied bj heat soil condensed by 
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^ moving in opposite 'directions. At the rarefied spot, agitated as it 

is by winds from all directions, turbulent and boisterous weather, 
whirlwinds, hurricanes, rain, thunder and lightning prevail. This 
kind of weather occurs most frequently in the torrid zone, w^re 

- ■ 1 a • m » Try I •!• /*Jj1 4l-_* — .^ -.^ £ 
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the heat is greatest. The air being more rarefied there th«li iil^y 
other part of the globe, is lighter, and, consequently, ascends ; AaJt 
about the polar regions is continually fiowin? from the poles to the 
equator, to restore the equilibrium ; while the air rising from the 
equator flows in an upper current towards the poles, so that the 
polar regions may not be exhausted.* A regular east wind prevails 
about the equator, caused by the rarefaction of the air produced by 
the sun in his daily course from east to west. This wind, combin- 
ing with that from the poles, causes a constant northeast wind^ for 
about thirty degrees north of the equator, and a southeast wild at 
the same distance south of the equator. 

* From what has now been said, it appears, that there is a cUlnla tionotojrin 
the atmoanli^ ; the air in the lower strata flowing from the pol^lo'dp^qua- 

^u* ; andTh|^he upper strata flowing back from the equator to tnk pcHes. It 

^ky here be remarked, that the peri«4#|^ winds are more regularat sea than 
on the land; and the reason of this is that the land reflects into the atmosphere 

% much greater quantity of the sun's rays than the water \ therefore, tliat part 
the atmosphere which is over the land is more heated and rarefied than that 
ich is'qyer the sea*, this occasions the wind to Hct in upon the land, as we 
bt regularly does on the coast of Guinea and other countries in the torrid 
zodi. There are certain winds called trade-winds, the theory of which may be 
easily explained, on the principle of rarefaction, aflbcted as it is by the relative 
position of the di^rent parts of the earth with the sun, at diflerent seasons of 
the year and at various parts of the day. A knowledge of the laws, by which 
these winds are controlled, is of importance to the mariner. When the posi- 
tion of the sun, with respect to the difTerent positions of (he earth at the 
different seasons of the year is understood, it will be seen that they all de- 
pehd up(A the same principle. The reason that the wind generally sub- 
sides R the gwng down of the sun is, that the rarefiiction of the air, in the 
* nprtioular spot which produces the wind, diminishes as the sun declines, and 
consequently tlie force of the wind abates. The great variety of winds in the 
temperate zones is thus explained. The air is an exceedingly elastic fluid, 
yielding to ne slightest pressure; the agitations in it, therefore, caused by the 
regular wiilos, whose causes have been explained, must extend every way to a 
great distance *, and ij^e air, therefore, in all climates will sufler more or less 
perturbation, according to the situation of the country, the position of moun- 
tains, valleys, and a variety of other causes. Hence every climate must be 
liable to variable winds. The quality of winds is afibcted by the countries over 
which they pass ; and they are sometimes rendered pestilential by the heat of 
deserts, or the ptitf id exhalations of marshes and lakes. Thus, from the deserts 

4ff Africa, ArabiaAid the neighboring countries, a hot wind blows, called Samitl^ 
or Simoortu, wl^|^ sometimes produces instant death. A similar wind blows 
from the desert of Sahara, upon the westeni coast of Africa, called the Harmat' 
tony producing a dryness and heat which is almost insupportable, scorching like 

> the blasts'of a furnace. 




I 



What kind of weather prevails at the rarefied spot f Where does this kind 
of weather occur most fV-equently f What causes a regular east wind to prevail 
about the equator ? Why are the periodical winds more regular at sea than on 
the land i How wopid you account for the winds called trade-winds, mousoons, 
&c. What is the reason that the wind generally subsides at the going down of 
the sun i How can the gr«at variety of winds, in the temperate zones, be ex- 
plained ? By whatistheqaa4ity ofwindsafibcted.' What i;i that wind called 
which blows fVom the •deserts of Arabia and AfHca f What is that called 
which blows from the^desert of Sahara f 
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SECTION XII. 
Acoustics, 

417. Acoustics is the science which treats of the 
nature and laws of sound. It includes the theory of . 
musical concord or harmony. 

418. Sound is caused by a tremulous or vibratory 
motion of the air. 

419. Illustration. If a bell be rung under an exhausted receiver, 
no sound cajf "be heard from it ; but when the air is admitted to 
8urP«|fnd One bell, the vibrations immediately produce ^und. 

42(). Again, if the experimen^be made by inclosing tfte bell i^j^ 
small receiver, full of air, and "placing that under another receiver, 
from which the air can be withdrawn, though the bell, when stracK 
must then produce sound, as usual, yet it will not be heai'd if wc^ 
outer receiver be well exhausted, and care be taken to prevent Hie 
vibrations from being communicated through any solid part of the 
apparatus ; because there is no medium tnrougn which the vibra- 
tions of the bell, in the smaller receiver, can fie commCinicated to 
the ear. 

421. Sounds are louder when the air surrounding the 
sonorous body is dense, than when it is in a ^q/efied 

state. 

« 

422. For this reason the sound of a bell is louder in cold than in 
warm weather ; and sound of any kind is transmitted d,o a greater 
distance in cold, clear weather, than in a warm sultry dky. On the 
tops of mountains, &c., where the air is rare, thfi human voice can 
be heard only at the distance of a few rods; and the firing of a gun 
produces a sound scarcely louder than the cracking of a whip- 

423. Sonorous bodies are those which produce clear, 
distinct, regular, and durable sounds, sucl» as a bell, 5# 
drum, wind instruments, musical strings, and glasses. 
These vibrations can be communicated to a distance 
not only through the air, but also through liquids and 
solid bodies. 



417. What is that science called which treats of the nature and laws of sound ? 
What does it include ? 418. What causes sound ? What illastrations are given 
to prove this ? 421. In what proportion are sounds loud or faint ? Why does 
a bell sound louder in cold than in warm weather ? Why is sound fainter on 
Uie top of a mountain, than nearer the surfhce of the eartli ? 42a. What are 
sonorous bodies f 
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4^4. Bodies owe their sonorous property t« their 
elasticity.* 

425. The sound produced by a musical string is 
caused by its vibrations ; and the height or depth of 
the tone depends upon the rapidity of these vibrations. 
Long strings vibrate with less rapidity than short ones, 
and for this reason the low tones in a musical instru- 
ment proceed from the long strings, and the high tones 
from the short ones. 

426. Slustration. Fig. 86, A B represents a musical string. If 
it be drawn up 

to G, its elastic- ^*«- *^ 
ty will not only ^^^ 

carry it back ^^"'^ sn— 1" -•** 

acfain, but will -'''". ? ...*****• 

flrive it a mo- ^<'-': "^ "*•->% 

•lentum which ^ <<oC "^^"^uV^ji B 

will carry it ^O""^^^^ 3D — — — ^^-^'^^'^ 

to H, from "*-.,* .^i.... 'l^-^'' 

whence it will ***--• ,^ '•'" 

successively re- 
turn to T, F, C, D, &c., until the resistance of the air entirely de- 
fitroys its motion. 

The vibrations of a sonorous body give a tremulous motion to 
the air around it, similar to the motion communicated to smooth 
water when a stone is thrown into it. 

427. The science of harmony is founded on the rela- 
tion which the vibrations of sonorous iiodies have to 
each other. 

423. Thus when the vibrations of one string are double those of 
another, iJie chord of an octave is produced. If the vibrations of two 
strings be as two to three, the chord of a fifth is produced, t When 
the vibrations of two strings frequently coincide, they produce a 
musical chord ; and when Uie coincidence of the vibrations is sel- 
dom, a discord is produced. 

* Although it is undoubtedly the case that all sonorous bodies are elastic, it 
is not to be inferred that all elastic bodies are sonorous. 

t When music is made -by the use of strings the air is struck by the body, and 
the sound is caused by the vibrations j when it is made by pipes, the body Is 
struck by the air } but as action and reaction are equal, the effect is the same 
in both cases. 

) " I III . . ■ I II I , 

424. To what do sonorous bodies owe their sonorous property \ Are all 
elastic bodies sonorous ? 425. What causes the sound produced by a musical 
string ? Upon what does the height and depth of the tone depend .' Which 
strings, in a musical instrument, produce the low tones i Why ? Explain Fig. 
86. 427. Upon what is the science of harmony founded ? How is the cord of 
an octave produced ? How is the chord of a fifth produced ? How is a musical 
chord produced i A discord f 

8 
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429; The quality of the sound produced by strings 
depends upon their length, their thickness or weight, and 
their degree of tension. The quality of the sound pro- 
duced by wind instruments depends upon their size, 
their length, and hollow diameters. 

430. Long and large strings, when loose, produce the lowest tones ; 
but different tones may be produced from the same string, accord- 
ing to the degree of tension, or the tightness with which it is 
drawn. 'Large wind instruments, also, produce the lowest tones ; 
and different tones may be produced from the same instrument, ac- 
cording to the distance of the aperture for the escape of the wind, 
from the aperture where it enters; or, which is the same thing, the 
length of tnat portion of the instrument which is struck by the air. 
{See Note to No. 4^.) 

431. The quality of the sound of all musical instru- 
ments is affected, in some degree, by the changes in 
the temperature and specific gravity of the atmospherei^ 
or the air in the room. 

432. As heat expands and cold contracts the materials of which 
the instrument is made, it follows, that the strings will have a greater 
degree of tension, and that pipes and other wind instruments will be 
contracted, or shortened, in cold weather. For this reason, most 
musical instruments are higher in tone, (or sharper,) in winter, or 
cold weather, and lower in tone, (or more flat,} in summer, or in 
warm weather. 

433. Sound is communicated more rapidly and with 
greater power through solid bodies, than through the 
air, or fluids. ' It is conducted by water about four 
times quicker than by air, and by solids about twice as 
rapidly as by water. 

434. If a person lay his head on a long piece of timber, he can 
hear the scratch of a pin at the other end, while it could not be 
heard through the air. 

435. By placing the ear against a long, dry, brick wall, and 
causing a person to strike it once with a hammer, the sound will be 
heard twice^ because the wall will convey it with greater rapidity 
than the air, though each will bring it to the ear. 

429. Upon what doe« the quality of the sound produced by strings depend f 
Upon what does that produced by wind instruments depend f 490. What 
strings produce the lowest tones? How may different tones l>e produced 
flrom the same string ? How may different tones be produced from the same 
wind instrument.' 431. What, in some degree, affects the qualltv of the sound 
of an musical instruments ? 432. What ellbct has heat and cold on the mate- 
rials of which the instrument is made i What follows flrom this •* Why are 
most musical instruments higher in tone, or sharper, in cold weather i 483. 
Through which is sound communicated more rapidly, and with greater power, 
through solid bodies, or the air. ^ How fast is it conducted by water ^ How 
tet-by solids ? 434, 435. What examples are given to show that sound is oom- 
monicated more rapidly through solid bodies thau the air or fluids i 



ACOUSTICS. 87. 

436. The Stethescope is an instrument depending on the |>ower 
of solid bodies to convey sound. ' It consists of a wooden cyhnder, 
one end of which is apphed firmly to the breast, while the other end 
is brought to the ear. By this means the action of the lungs, and 
other internal parts of the human body, may be distinctly heard. 
The instrument, therefore, becomes useful in the hands of a skilful 
physician, to ascertain the state of the internal organs. 

437. Sound, passing through the air, moves at the 
rate of 1142 feet in a second of time. This is the case 
with all kinds of sound. 

438. The soflest whisper flies as fast as the loudest thunder, and 
the force or direction of the wind makes but slight difference in its 
velocity. 

This uniform velocity of sound enables us to determine the dis- 
tance of an object from which it proceeds. If, for instance, the 
light of a gon, nred at sea, be seen a half of a minute before the re- 

Sort is heard, the vessel must be at the distance of six miles and a 
alf. In the same manner, the distance of a thunder cloud may be 
ascertained, by counting the seconds between the appearance of the 
lightning and the noise of the thunder, and multiplying them by 
1 J 42 feet. 

439. An echo is produced by the vibrations of the air 
meeting a hard and regular surface, such as a wall, a 
rock, mountain, &c., and being reflected back to the 
ear, thus producing the same sound a second and some- 
times a third and fourth time."^ 

440. Speaking trumpets are constructed on the prin- 
ciple of the reflection of sound. 

441. The voice, instead of being diffused in the open air, is con- 

* From this it is evident that no eclio can be heard at sea, or on an extensive 
plain } because there is no object there to reflect the sound. An echo is heard 
only when a person stands in such a situation as to hear both the original and 
the reflected sound. The pupil will doubtlens recollect what has beeu said in 
mechanics with respect to the ang:les of incidence and reflection. [See number* 
147 and 148.] Bound (as well as light, as will be explained under the head of 
optics) is communicated and reflected by the same law, namely, that the angles 
of incidence and reflection are always equal. It is not diflicult, therefore, to 
ascertain the direction in which sound will proceed, whether it be direct or re- 
flected. It is related of Dionysius, the tyrant of Sicily, that he had a dungeon, 
(called the ear of Dionysius,) in which the roof whs so constructed as to collect 
the words, and even the whispers, of the prisoners confined therein, and direct 
them along a hidden conductor to the place where he sat to listen : and thus he 
became acquainted with the most secret expressions of his unhappy victims. 



436. What is a stethescope i Of what does it consist t For what is It used > 
437. How fast does sound move f 438. Does the fbrce or direction of the wind 
make any difl*erence in its velocity ? What advantage results fVora this uuiform 
velocity of sound i How can the distance of a thunder cloud be ascertained i 
439. How is an echo produced .' Note. Why cannot an echo be heard at sea, 
or on an extensive plain .' How must a person stand in order to hear an echo ? 
By what law is sound communicaietl and reflected i What anecdote is related 
of Dionysius i 440. Upon what principle are speaking trumpets constructed > 
441. Explain the manner in which the vibrations of the air are reflected. 
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fined within the trumpet; and the vibrationa which spread and fall 
against the sides of the instrument are reflected according to the 
angle of incidence, and fall in the direction of the vibrations, which 
proceed straight forward. The whole of the vibrations are thus 
collected into a focus ; and if the ear be situated in or near that spot, 
the sound is prodigiously increased. 

442. Hearing trumpets, or the trumpets used bv deaf persons, are 
also constructed on the same principle ; but as the voice enters the 
large end of the trumpet, instead of the small one, it is not so much 
confined, nor so much increased. 

443. The musical instrument called the trumpet, acts, also, on the 
same principle with the speaking trumpet, so far as its form tend» 
to increase the sound.* 

444. Sound, like light, afler it has heen reflected 
from several places, may be collected into one point, as 
a focus, where it will be more audible than in any other 
part ; and on this principle whispering galleries may be 
constructed. 

445. The famous whispering gallery in the dome of St. Paul's 
church, in London, is constructed on this principle. Persons at 
very remote parts of the building can carry on a conversation in a 
soil whisper, which will be distinctly audible to one another, while 
others in tlie building cannot hear it; and the ticking of a watch 
may be heard from side to side. 

446. Sounds can bo conveyed to a much greater 
distance through continuous tubes than through the 
open air. 

447. The tubes used to convey sounds are called acoustic tubes. 
They are much used in public houses, stores, counting rooms, &c. 
to convey communications from one room to another. 

448. The quality of sound is affected by the furniture 
of a room, particularly the softer kinds, such as curtains, 
carpets, &c., because, having little elasticity, they pre- 
sent surfaces unfavorable to vibrations. 

449. For this reason, music always sounds better in rooms with 

* Tbe smooth and polished surftce of the interior parts of eertain kinds of 
■hells, particularly if they be spiral or nndulaiing, fit tltem to Mi.'Uect and reflect 
the various Bounds which are talcing place in the vicinity. Hence the Cyprias, 
the Nautilus, and some other sheila, when lield near or in the ear, give a con* 
tinued sound, which resembles the roar of the distant ocean. 



442. Upon what principle are hearing trumpets constructed f 443. How for 
does the musical instrument, calied the trumpet, act upon the principle of the 
■peaking trumpet ? Note. How can the continued sound, given by some' shells, 
when held near tlie ear, be explained ? 444. Upon what principle may whis- 
pering galleries be constructed ? 446. In what way can sounds be conveyed to 
a much prenter distance than through the air f 447. What are the tubes, used 
lo convey sounds, called > 443. Why do the softer kinds of furniture in a room 
aSect the quality of Iho sound i 
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bare walls, without carpets, and withoat curtains. For the same 
reason, a crowded audience increases the difficaky of speaking. 

As a general rule, it may be stated, that plane and smooUi sur- 
faces reflect sound without dispersing it, convex surfaces disperse 
It, and concave surfaces collect it. 

450. The air is a better conductor of sound when it is 
humid than when it is dry. 

4.51. A bell can be more distinctly heard just before a rain; and 
sound IS heard better in the night than in the day, because the air is 
generally more damp in the night. 

452. The distance to which sound may be heard depends upon 
various circumstances, on which no definite calculations can be 
predicaled. Volcanoes, among the Andes, in South America, have 
been heard at the distance of three hundred miles; naval engage- 
ments have been heard two hundred ; and even the watchword 
" M:s weU^' pronounced by the unassisted human voice, has been 
heard from Old to "^^yr Gibraltar, a distance of twelve miles. 

453. The sound of the human voice is produced by 
the vibration of two delicate membranes, situated at the 
top of the windpipe, and between which the air from the 
lungs passes. The tones are varied from grave to 
acute, by opening or contracting the passage ; and they 
are regulated h^j the muscles belonging to the throat, 
by the tongue and by the cheeks. 

454. Tlie management of the voice depends much upon cultiva- 
tion ; and although many persons can both speak and sing with 
ease, and with great power, without much attention to its culture, 
yet it is found that those who cultivate their voices by use, acquire 
a degree of flexibility and ease in its manasrement, which, in a great 
measure, supplies the deficiency of nature.* 

455. Ventriloquism! Js the art of speaking in such a 
manner as to cause the voice to appear to proceed from 
a distance. 

* The reader Is referred to Dr. Rnsh^9 very valuable work on the "Phlloso- 

8hy of the Human Voice," for plain ^d prantiQal fniitrnctlons on thw subject, 
►r. Barber^s " Orammnr of Elocu«wn,»' and Parker's *» Prof ressive Exercises in 
Rhetorical Reading" likewise contain the same instrnctions, in a practical 
form. To the work of Dr. Rush, both of the latter mentioned works are largely- 
indebted. 

t The word vcntrilnqnism literally means, ^ »peakin/f from the beJIy^^* and it 
is so defined in Cbanibers' Dictionary of Arts and Sciences. The ventriloquist, 
by a sin^rular management of the voice, seems to have it In his power " to throw 
his voice'''' in any direction, so that the sound shall appear to proceed from that 
spot. The words are pronounced by the organs usually employed for that par- 

What general rule is given with regard to the reflection of sound? 460. Is 
the air a better conductor when it is humid, or when it is dry f 451. Why can 
a sound be heard better in the night than In the day t 463. How is the sound 
of the human voice produced t How are the tones varied and regulated ? 
454. Upon what does the management of the voice depend i 465. What is 
ventriloquism ! 

8» 
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466. The art of Tentriloqaism was not unknown to flie ancients > 
and it is sapposed by some authors that the famous responses of the 
orccles, at Delphi, at Ephesus, &c., were delivered by persons who 
possessed this faculty. There is no doubt that many apparently 
wonderful pieces of deception, which, in the days of superstition 
and ignorance, were considered as little short of miracles, were per- 
ibrmed by means of venlriloquism. Thus houses have been made 
to appear haunted, voices have been heard from tombs, and the 
dead have been made to appear to speak, to the great dismay of the 
neighborhood, by means of this wonderful art. 

457. Ventriloquism is, without doubt, in great measure the gift 
of nature; but many persons can, with a little practice, utter 
sounds and pronounce words without opening the lips or moving 
the muscles of the face ; and this appears to be the great secret of 
the art. 



P^^X^A./- 






SECTION XIII. / 

P^frtynomic^, or the Laws of Heat, 

458. Pyronomics is the science which treats of the 
laws, the properties, and operations of heat. 

459. The nature of heat is unknown ; but it has been proved 
that the addition of heat to any substance produces no perceptible 
alteration in the weight of that substance. Hence it is interred 
that heat has no weight. 

poM, but in tiich a mansar aa to give little or no motion to the lipa, the organs 
chiefly concerned being those of the throat and tongue. The variety of sounds 
which the human voice is capable of thus producing is altogether beyond com- 
mon belief, and, indeed, is truly surprising. Adepts in this art wili mimic the 
voices of air ages and eonditiooa of human life, from tlie smallest Infant to the 
tremulous voice of tottering age j and (torn, the intoxicated fbreign beggnr to tlie 
high bred, artificial tones of the fbshioinble lady. Some will also imitate the 
'warbling of the nightingale, the loud tones of the whip-poor-will, and the 
scream of the peacock, with equal truth and faoiiity. Nor are these arts con* 
fined to professed imitators j for in many villages ttoys may be found, who are 
in the habit of imitating the brawling and spitting of cuts, in such a manner aa 
to deceive almost every hearer. 

The human voice is also capable of imitating almost every hianrmate sound. 
Thus the turning and occasional crealcing of a grindstone, with the rush of the 
water, the sawin/[^ of wood, the trundling an* creaking of a wheel-barrow, the 
drawing of bottle corks, and the gurgling of the flowing liquor, the sound of air 
rushing through a crevice on a wintry night, and a great variety of other noises 
of the same kind, are imitated by the voice so exactly, as to deceive any hearei 
who does not know whence they proeeed. 

456. Was tlki» art known to the ancients ? What is supposed, by some aa 
thoTs, concerning the responses at Delphi, Ephesus, &c. f 457. Is ventrilo- 
^Ism a nature) ^ft, or an act^uired one ? 458. Of what does pyronomics treat .^ 
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460. Heat passes through some bodies with more difficulty than 
through others ; but there is no body nor any kind of matter which 
can completely arrest its progress. 

461. Heat is generally known by the name of Caloric. 

There are two kinds of heat ; or, rather, heat exists in 

two states, called tree and latent. Free heat, or free 

caloric, is that which is perceptible to the senses, as the 

heat of a fire, the heat of the sun, &c. Latent heat is 

that which exists in most kinds of substances, but is not 

perceptible to the senses, until it is brought out by me<- 

chanical or chemical action. 

4G2. Thus, when a piece of cold iron is hammered upon an anvil 
it becomes intensely heated ; and when a small portion of sul- 
phuric acid, or vitriol, is ponred into a phial of cold water, the 
phial and the liquid immediately become hot. 

463. A further illustration of the existence of latent or concealed 
heat is given at the fireside every day. A portion of cold fuel is 
placed upon the grate or hearth, and a spark is applied to kindle the 
fire which warms us. It is evident that the heat g^ven out by the 
fuel, when ignited, does not all proceed from the spark, nor can we 
perceive it in the fuel ; it must, therefore, have existed somewhere 
m a latent state. . It is, however, the effects of free heat, or firee ca- 
lorlc, which are embraced in the science of pjronomics. The subject 
of latent heat belongs more properly to the science of chemistry. 

464. The terms heat and cold, as they are generally 

used, are merely relative terms ; for a substance which 

in one person would excite the sensation of heat, might, 

at the same time, seem cold to another. 

465. Thus, also, to the same individual, the same thing may be 
made to appear, relatively, both warm and cold. If, for instance, a 
person were to hold one hand near to a warm fire, and the other on 
a cold stone, or marble slab, and then plunge both into a basin of 
lukewarm water, the liquid would appear cold to the warm hand 
and warm to the cold one. 

466. The principal effects of heat, on bodies to which 
it is applied, are three ; namely, First, heat dilates or 
increases the extension of all bodies, whether solid, li- 
quid, or in the form of air, or gas. 

Thus, metals, wood, and other substances, are expanded by the 
application of heat. 

Wliftt is slated in No.' 459 with regard to heat ! 460. Can the progress oT 
heat be arrested f 461. Wbat is calorie f In what two states does heat etist f 
What is free heat K Give some examples of free heat. What is latent heat f 
Give some examples of latent heat .' 464. How are the terms, beat and cold 
generally used i Wbat illustration of this is given f 466. What are the three 
principal effects of heat oo bodies to which it is appliea * Give an example of 
each effect? 
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Secondly^ beat when applied in sufficient quantity to 
many kinds of substances, transforms them from a solid 
to a fluid state. 

Thus, metals, fflass, and many other substances can be melted by 
the application of a sufficient degree of heat. 

Thirdly, heat, when applied in its greatest degree, ^ 

destroys the texture of many kinds of substances by 
combustion. 

Thus, wood, coal, and other substances are burnt up by^the ap- 
plication of heat. 

467. The sources from which heat is derived are, 
Firsty from the sun, in connexion with light. Secondly, 
from mechanical operations, such as friction, percus- 
sion, compression, &c. Thirdly, from a variety of 
chemical operations, especially combustion ; and Fourth- 
ly, from living animals and vegetables. 

468. Heat tends to diffuse itself equally tbrougb all 
substances. 

If a heated body be placed near a cold one, the temperature of the 
former will be lowered, while that of the latter will be raised. 

460. All substances contain a certain quantity of heat ; but, by its 
tendency to diffuse itself equally, and the difference in the power of 
different substances, to conduct it, bodies of the same absolute tern- 
perature appear to possess different degrees of heat. 

470. Thus, if the hand be successively applied to a wooDen' gar- 
ment, a mahogany table, and a marble slab, all of which have stood 
for some time in the same room, the woollen garment will appear 
the warmest, and the marble slab the coldest of the three articles ; 
but if a thermometer be applied to each, no difference in the tempe^ 
rature will be observed. 

471. From this it appears, that some substances conduct heat 
readily, and others with great difficulty. The reason that the mar- 
ble slab seems the coldest, is, that marble, beinff a good conductor 
of heat, receives the heat from the hand so readily uiat the loss is 
instantly felt by the hand ; while the woollen garment, beine a bad 
conductor of heat, receives the heat from the hand so slowly that 
the loss is imperceptible. 

472. The different power of receiving and conducting 
heat, possessed by different substances, is the cause of 
the difference in the warmth of various substances used 
for clothing. 

467. What are the aoorcea ftom which heat U derived ? 463. In what way 
does heat tend to dlfl\]ae Itaelf? 469. Why do bodies of the same absoltite tem- 
peratare ap|ie«r to possetiB diflferent degrees of heat I What illustration of this 
is given i What appears from this t 472. What causes the difference in the 
warmth of substances used lor clothing ? 
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473. Thos, woollen garments are warm garments, because thev 
part slowly with the heat which they acquire from the body, ana, 
consequently, they do not readily convey the warmth of the body 
to the air; while, on the contrary, a linen garment is a cool one, 
because it parts with its heat readily, and as readily receives fresh 
heat from the body. It is, therefore, constantly receiving heat from 
the body and throwing it out into the air, while the woollen gar- 
ment retains the heat which it receives, and thus encases the body v. 
with a warm covering. 

For a similar reason ice, in summer, is wrapped in woollen 
cloths. It is then protected from tlie heat of the air, and will not 
melt. 

474. Heat is received and conducted with the great- 
est readiness by metals. 

475. For this reason wooden spoons and forks are used in prefer- 
ence to silver ones, to take ice from a plate. The spoon is of the 
same temperature with all other articles in the room ; and if it be 
of silver, or any other metal, it readily communicates its heat to the 
ice and melts it, — but wooden spoons do not so readily part with 
their heat, and will not, therefore, melt the ice so readily. 

476. For the same reason, the handles of tea and coffee pots are 
generally made of wood ; parting with their heat less readily tlian 
metallic ones, they are less likely to be inconvenient to the hand, 
on account of their heat. 

477. All bodies, whether solid, liquid, or in the form 
of gas, when violently compressed or extended, become 
warm. 

478. Experiment. If a piece of India rubber be quickly stretch 
ed and applied to the lip, a sensible degree of heat will be felt. An 
iron bar, by being hammered, becomes red-hot -, and even water, 
when strongly compressed, gives out heat. 

479. When air is forcibly compressed by driving down the pis- 
ton of a svringe, nearly closed at the end, great heat is produced. 
Syringes have been constructed on this principle for procuring fire, 
the heat, thus produced, being sufficient to kindle dry tinder. 

480. All substances, as they are affected by heat, 
may be divided into two classes, namely, combustible or 
inflammable bodies, and incombustible or non-inflamma* 
ble bodies. 

481. Vegetable substances, charcoal, oils, most animal substan- 

Why are woollen garments warm ? Why are linen ones cold f Why is ice 
wrapped in woollen in summer ? 474. By what is heat received and conducted 
with the greatest readiness ? Why are wooden spoons and forlcs sometimes 
used in preference to silver ones f 477. What effect is produced on all bodies 
when violently compressed or extended f What experiments are here related 
to illustrate this i What is said of the air when strongly compressed f 480. 
Into what classes are all substances, as affected by heat, divided f 
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ee«, as hair, wool, horn, fat, and all metallic bodies, are combus- 
tible.* 
Stones, glass, salts, &c. are incombustible. 

482. The pyrometerf is an instrument to show the ex- 
pansion of bodies on the application of heat. It consists 
of a metallic bar or wire, with an index connected with 
one extremity. On the application of the flame of a 
lamp, or heat from any other source, to any part of the 
bar, the bar expands and turns the index to show the 
degree of expansion. 

483. The most obvious and direct effect of heat on a 
body, is to increase its extension in all directions. 

484. Coopers, wheelwrights, and other artificers, avail themselves 
of this property in fixing iron noops on casks, and the tires or irons 
on wheels. The hoop or jtire having been heated, of coarse ex- 
pands, and being adapted in that state to the cask or the wheel, as 
the metal conttacts in cooling, it clasps the parts very firmly to- 
gether .t 

485. Heat not only expands metals, wood. Sec but 
also different kinds of stones, chalk, and especially 
glass. 

* The word combnatihle literally means, that which can be bnrnt up. The 
pnpil to referred to No. 49, page 6, for some remarks with regard to the eon- 
•umption, or rather the alreration which talcea place in bodies during com> 
bastion. 

t Wedgewood*8 pyrometer, the instrument commonly used for high tempera- 
tOrea, measures heat by the contraction of clay. 

I From what has been stated above, it will be seen, that an allowance should 
be made Tor the alteration of the dimensions In metallic beams or supporters, 
caused by the dilatation and contraction effected by the weather. In the iron 
arches of Sonthwaric bridge, over the Thames, the variation of the temperature 
of the air causes a difference of- height, at diflbrent times, amounting to nearly 
an inch. A happy application of this principle to the mechanic arts, was made, 
some yean ago, at Paris. The weight of the roof of a building, in the Conser- 
TBtory of Arts and Trades, had pressed outwards the side walls of the structure, 
and endHDgered its security. The following method was adopted to restore the 
perpendicular direction of the structure. Several holes were made in the walls, 
opposite to each other, through which iron bars were introduced, which, 
stretching across the building, extended beyond the outside of the walls. These 
bars terminated in screws, at each end, to which large broad nuts were attach- 
ed. Each alternate bar was then heated by means of powerAil lamps, and their 
lengths being thus increased, the nuts on the outside of the building were screw- 
ed up close to it, and the bars were sufibred to cool. The powerfhl contraction 
of the iwrs drew the walls of the building closer together, and the same process 
being repeated, on all the bars, the walUi were gradually and steadily restored 
to their upright position. 

What substances are combnatihle i What substances are incombustible i 
482. What is a pyrometer i Of what does tt consist ? How does Wedge, 
wood^s pyrometer meaaure high temperatures f 483. What Is the most obvi- 
ous and direct effect of best on a body ? What application of this principle is 
related in the note f 486. What other substances, beside metals, wood, &ce, 
does heat expand ? 
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486. These, substances must, however, be freed from moisture, 
otherwise heat, by dissipating the moistare, will occasion con- 
traction. 

The effect of heat and cold,* in the expansion and contraction of 
glass, is an object of common observation ; for it is this expansion 
and contraction which causes so many accidents witli glass articles. 
Thus, when hot water is suddenly poured into a cold glass, of any 
form, the slass, if it have any thickness, will crack; and, on the 
contrary, if cold water be poured into a heated glass vessel Uie same 
effect will be produced. The reason of which is this : heat makes 
its way but slowly through glass ; the inner surface, therefore, when 
the hot water is poured mtn it, becomes heated, and, of course, dis- 
tended before the outer surface, and the irregular expansion causes 
the vessel to break. There is less danger of fracture, therefore, 
when the glass is thin, because the heat readily penetrates it, and 
there is no irregular expansion.! 

487. The expansion caused by heat in solid and li- 
quid bodies differs in different substances ; but aeriform 
fluids all expand alike, and undergo uniform degrees of 
expansion at various temperatures. 

488. The expansion of solid bodies depends, in some degree, on 
the cohesion of^ their particles ; but as gases and vapors are destitute 
of cohesion, heat operates on them without any opposing power. 

489. The density of all substances is augmented by 
cold, and diminished by heat. 

490. There is a remarkable exception to this remark, and that is 
in the case of water ; which, instead of contracting, expands at the 
freezing point, or when it is frozen. This is the reason why pitch- 
ers, and other vessels, containing water and other similar fluids, are 
so often broken when the liqmd freezes in them. For the same 

* Cold is merely the absence of heat ; or rather, more properly speaking, in- 
ferior degrees of heat are termed cold* 

t The glass chimneys, nsed for oil and gas burners, are often broken by being 
suddenly placed, when cold, over a hot flame. The danger of ft*acture may be 
prevented (it is said) by making a minute notch on the bottom of the tube, with 
a diamond. This precaution has been used in an establishment where six lamps 
were lighted every day, and not a single glass has been broken in nine years. 

Why must the substances be fVeed firom moisture ? What is said of ihe effect 
of heat and cold on glass ? When hot water is suddenly poured into a cold 
glass, why will the glass crack ? When cold water is applied to a heated glass, 
why will the glass crack ? 487. Is the expansion caused by heat in solid and 
liquid bodies the same in all substances ? How do aeriform llnids difier, in this 
respect, from solid and liquid bodies \ Upon what does the expansion of solid 
bodies, in some degree, depend f Why has heat more power over gases and 
vapors } 489. What eflbct has heat and cold upon the density of all substan- 
ces \ What exception is there to this remark ? Why are the vesselj?, contain- 
ing water, and other similar fluids, so often broken when the liquid A-eeaes in 
them ? 
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reason, ice floats* instead of sinking in water ; for as its densitj is 
diminished, its specific gravity is consequently diminished. 

491. Different bodies require different quantities of 
heat to raise them to the same temperature, and those 
which are heated with most difficulty retain their heat 
the longest. 

Thus oil becomes heated more speedily than water, and it like- 
wise cools more quickly. 

492. When heat is thrown upon a bright or polished 
surface it is reflected, "f and the angle of reflection will 
be equal to the angle of incidence. [See note to JVb. 
439, page 87, and numbers 147 and 148.] 

493. When a certain degree of heat is applied to 
water it converts the water into steam or vapor. The 
temperature of steam is always the same with that of 
the liquid from which it is formed, while it remains in 
contact with thut liquid. When closely confined its 
elastic power is sufficient to burst the vessel in which it 
is confined. 

494. The elasticity or elastic force of steam is in- 
creased and diminished by heat and cold. The amount 
of pressure, therefore, which it will exert depends on 
the temperature at which it is formed. 

* Were it not for this remarkable property of ^ater, large ponds and lakes, 
exposed to intense cold, would become solid masses of ice ; for if (he ice, when 
formed on the surface, were more dense, (that is, more heavy) than the water 
below, it would sink to the bottom, and the water above, freezing in its turn, 
would also sink, until the whole body of the water would be ft-osen. The con- 
sequence would be the total destruction of all creatures, &c. in the water. But 
its lightness causes it to continue on the surface, protecting the water below 
trom congelation. 

t Advantage has been taken of this property of heat in the construction of a 
simple apparatus for baking. It is a brisht tin case having a cover inclined (o- 
wanda the fire in such a manner as to reffect the heat downwards. In thiii man- 
ner use is made both of the direct heat of the fire, and the reflected heat, which 
would otherwise pass into the room. The whole apparatus, thus connected 
with the culinary department, is called, in New England, ** The Connecticut 
baker." 

Why does ice float upon the water instead of sinking In it ? . What is stated, - 
in the note, with regard to this property of water f 491. Can ^I bodies be rais- 
ed to the same temperature by the same quantities of heat ? What bodies re> 
tain their heat the longest f 492. What becomes of the heat which is thrown 
upon a bright or polished snrfhce t How do the angles of incidence and reflec- 
tion compare with each other? 49S. When is water converted into steam or 
vapor i How does the temperature of the steam compare with that of the 
liquid fVom which it is fbrmed, while it remains In contact with that liquid i 
494. By what is the elasticity of steam increased and diminished i Upon what 
does the amount of pressare, which steam exerts, depend ? 
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495. The great and pecaliar property of steam , on which its me* 
ehanical agencies depend , is its power of creating, at one moment, 
a high degree of elastic force, and losing it instantaneonsly by the 
next moment. 

496. The steam engine is a machine moved by the 
expansive force of steam or vapor. 

497. The steam or vapor of water occupies a space aboat 1700 
times larger than water. If, therefore, the steam which fills the 
chamber of a cylinder be suddenly converted into water, it wiU 
occupy a much smaller space, and produce a vacuum in the 
cylinoer. 

496. The mode in which steam is made to act is by causing it to 
raise a solid piston, accurately fitted to the bore of a cylinder, like 
that in the forcing pump. 

499. The piston rod rises by the impulse of expanding steam, ad- 
mitted into tne cylinder below. When the piston is thus raised, if 
the steam below it be suddenly condensed, or witlidrawn from un- 
der it, a vacuum will be formed, and the pressure of the atmos- 
phere on the piston above will drive it down. The admission of 
more steam below it will raise it again, and thus a continued motion 
of the piston, up and down, will be produced. This motion of the 
piston is communicated to wheels, levers, and other machinery, in 
such a manner as to produce the eflfect intended. 

This is the mode in which the engine of Newcomen aad Savery^ 
commonly called the atmospheric engine, was constructed. 

500. The celebrated Mr. James Watt introduced two important 
improvements into the steam engine. Observing thai the cooling 
of the cylinder by the water thrown into it to condense the steam, 
lessened the expansibility of the steam ; he contrived a method to 
withdraw the steam from the principal cylinder, afler it had per- 
fbri?led its office, into a condensing chamber, where it is recon- 
verted into water, and conveyed back to the boiler. 

501. The other improvement consists in substitutinj^ the expan- 
sive power of steam for the atmospheric pressure. This was per- 
formed by admitting the steam into the cylinder abott the raised 
piston, at the same moment that it is removed firom hdova it ; and 
thns the power of steam is exerted in the descending as well as in 
the ascending stroke of the piston ; and a much greater impetus is 
ffiven to the machinery than by the former method. From the 
double ttc^on of the ateam above, as well as beUne the piston, and 
from the condensation of the steam, afler it had performed its 
office, this engine is called Watt's double acting condensing steam 
enffine. 

y 502. lUustration. Fig. 87 represents that portion of the steam en- 
^gine in which steam is made to act, and propel such machinery as 
may be connected with it. The principal parts are the- boiler, the 

^5. What !■ the great and pecaliar property of Bteam, on which Its meehan* 
leal agencies depend ! 486. What ia the steam engine ? 487. Flow mneh larger 
space does steam oocapy than water f 498. By what mode is steam made to 
aet f 489. By what impnlse does the piston rise f What canses the piston to 
descend? 600. What Improvement* did Mr. Watt introduce into the fteaai 
/sngine f 502. What does Fig. 87 Mprewnt ? 
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and the other below 

the pulon. This pipe hu two vulves, F and G, which are opened 
and closed alteinstelf by machinery caanecled with the piston. 
The ateup is curried through this pipe bj the valTes, when open, 
to the eylmder both above and below the piston. K is the eduction 
pipe, having two branches, like the t\e*in pipe, fuTniahed with 
TUTeai &c., which are opened and abut l»r the aatne machineiy. 
B^ the eduction pipe the steina is led off trom the cylinder as the 
puton aacenda and descends. 

L ia the condenser, and O a atop cock for the admission of [M>ld 
water. M ia the ail pomp, N ia the cialern of coM water in which 
the oondensei ia itDmersed. R is tbe safety Tslve. When tbe 
nlves are all open, the steam Issues freely from the boiler, and cir- 
eolatea throngh all the ^rla of Ibe machine, ezpelting the air.t 
Now, (he Talres F and Q, being closed, and G and P remaining 
Ofta, tbe steam pcesseB u|>on the piatan and forces it down. As 
itdesoends, it draws with It tbe end of the working beam, wliich is 
attached to the piston rod J, (but which is not represented in the 
figure.) To this working beain,(wbich ia a lever of the first kind,) 
ban or rods are attached, which, rising and falling with the beam 
and the lustod, open the atop cock O, admitting a stream of eatd 
water, which meets the steam from the cylinder and condenses it, 
leaving no force below the piston to oppose its descent. At this 
momeut the rods attached to the working beam close the stop cocks 
O and P, and open F and Q. The steam then flows in below the 
[Hilon, and rushes fiom above it into the condenser, by which 

• The •Isam aad the sdnction pIjiv tre umBtlnia mtde ia ronni diakrlng 
ftom tkois In Ilia flgars, aad ibey aunrniDch Indiffimai coiloes. 
t mi p rnocm la caUad blowlsf onl, soil ji bsard whan a staamboal ta ^rtnt 
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Oa — iiankal powais li Ihli worUu baaa f What an attichH U> 
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means the piston is forced ap again with the same power as that 
with which it descended. Thus the steam cocks 6 and P and F 
and Q are alternately opened and closed ; the steam passing from 
the boiler drives the piston alternately upwards and downwardi, 
and thus produces a regular and continued motion. This motion of 
the piston, being communicated to the working beam, is by that 
beam communicated to other machinery, and thus an engine of 
great power is obtained. 

The air pump M, the rod of which is connected with the work- 
ing beam, carries the water from the condenser back into the boil- 
er, by a communication represented in Fig. 88. 

The safety valve R is made to open when the pressure of the 
steam within the boiler is too great. The steam then rushing^ 
through toe aperture under the valve, removes the danger of the 
bursting of the boiler., i 

503. The steam engine* is constructed in various 
forms ; the principal of which are the high and the low 
pressure engines ; or, as they are sometimes called, the 
non-condensing and the condensing engines. 

504. The non-condensing or high pressure engines differ from 
the low pressure or condensing engines in bavins no condenser. 
The sleam, after having moved the piston, is let oa into the open 
air. As this kind of engine occupies less space, and is much less 
complicated, it is generally used on railroads. 

5C^. In the low pressure or condensing engines, the steam, afWr 
having moved the piston^ is «»ndensed, or converted into water, 
and then conducted oack into the boiler. 

* The steam engine, as it Is constructed at the present day, is the result of the 
inventions and discoveries of auaml>er of distinguished individuals, at difRsrent 
periods. Among those who have contributed to its present state of perfection, 
and its application to practical purposes, may be mentioned the names of Som- 
erset, the Marquis of Worcester, Savery, Newcomen, Fulton, and especially 
Mr. James Watt. 

To the inventive genius of Watt, the engine is indebted for the concfetuer, lAe 
apfpendagtn for narallei motion, the application of the governor^ and for the 
double action. In the words of Mr. Jeffrey, it may be added, that, " By his ad- 
mirable contrivances, and those of Mr. Fulton, it has become a thing alike stu- 
pendous for its force and its flexibility ; for the prodigious power it ean exert, 
and the ease, and precision, and ductility, with which it can be varied, distrib- 
uted, and applied. The trunk of an elephant, that can pick up a pin, or rend 
an oak, is as nothing to it. It can engrave a seal, and crush masses of obdurate 
metal before it ; draw out, without breaking, a thread as fine as gossamer, and 
lift up a ship of war like a bauble in the air. It can embroider muslin, and forge 
anchors; cut steel into ribands, and impel loaded vessels against the ftiry of the 
winds and waves.** 

The power of a steam engine is generally expressed by the. power oi a 
horse, wUch caa raise .83,000 lbs. to the height of one foot in a minute. 

How is the regular and continued motion produced ? To what is this mo- 
tet of the piston oommunicated i What Is the use of the air pump M t For 
wtat is the safety valve R used i 503. What are the principal forms in which 
the steam engine is constructed i 504. How do they diflbr from each other ' 
What becomes of the steam after having moved the piston in the non-condens- 
ing engines i What kind of engines is generally used on railroads f 505. 
What becomes of the steam after liaving moved the piston in the co^densmg 
engines? 
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506. Fig. 88 represeDts Watt's dooble acting, condensing steam 
•ngine, in which A represents the boiler, containing a large quantity 
of water, which is constantly replaced as fast as portions are con- 
▼arted into steam. B is the steam pipe, conveying the steam to 
the cylinder, having a steam cock h to admit or exclude the steam 
at pleasure. 

C is the cylinder, surrounded by the jacket c c, a space kept con- 
stantly supplied with hot steam ,t in order to keep the cylinder from 
bein^ cooled by the external air. D is the eduction pipe, commu- 
nicating between the cylinder and the condenser. £ is the con- 
denser, with a valve e, called the injection cock, admitting a jet of 
cold water, which meets the steam the instant that the steam enters 
the condenser. F is the air pump, which is a common suction 
pump, but is here called the air pump because it removes ftpm the 
condenser not only the water, but also the air, and the steam that 
escape condensation. G G is a cold water cistern, which sur- 
rounds the condenser, and supplies it with cold water, being filled 
by the cold water pump, which is represented by H. I is the hot well, 
containing water from the condenser. K is the hot water pump, 
which conveys back the water of condensation from the hot well to 
the boiler. 

L L are levers, which open and shut the valves in the channel 
between the steam pipe, cylinder, eduction pipe, and condenser ; 
which levers are raised or depressed by projections attached to the 
piston rod of the pump. M M is an apparatus for changing the 
circular motion of the working beam into parallel motion, so that 
the piston rods are made to move in a straight line. N N is the 
worsing beam, which, being movedP'by the rising and falling of 
the piston, attached to one end, communicates motion to the fly 
wheel by means of the crank P, and from the fly wheel the mo- 
tion is communicated by bands, ' wheels, or levers, to the other 
parts of the machinery. O O is the governor. \Sw Fig, 45, 
JVb. 974.] 

The governor, being connected with the fly wheel, is made to 
participate the common motion of the engine, and the balls will re- 
main at a constant distance from the perpendicular shafl, so long as ■ 
Uie motion of the engine is uniform; but whenever the engine 
moves faster than usual, the balls will recede farther from the shaft 
and, by raising a valve connected with the boiler, will let off such a 
portion of tHe force as to reduce the speed to the rale required. 

The steam engine, thus constructed, is applied to boats to turn 
wheels having paddles attached to their circumference, which an- 
swer the purpose of oars. It is used also in workshops, factories, 
&,G. ; and different directions and velocities may be given to the 
motion produced by the action of the steam on the piston, by con- 
necting the piston to the beam with wheels, axles and levers, as 
represented in numbers 237 to 250, page 41. 

t Steam must be dry before it is used. 

506. What does Fig. 88 represent ^ What does A represent * What does B 
represent ? What does C represent ? What does D represent ? What does 
E represent ? What does F represent ? What does G G represent ? What 
does 1 represent f What does K represent f What does L L represent f What 
does M M represent f What does N N represent ? Whatdoes repressnil 
What is said of the governor ? 
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507. The locomotive engine is a high pressure steam 
engine, mounted on wheels, and used to draw loads on 
a railroad, or other level roads. It is usually accom- 
panied by a large wagon, called a tender, in which the 
wood and water, used by the engine, are carried. 

Fig. 89 repreieDts a side view of the internal construction of a 
locomotive steam engine > in which F represents the fire box, or 
place where the fire is kept; D the door through which the fuel is 
introduced ; 6 one of the bars of the ffrate at the bottom. The 
spaces marked B are the interior of the boileri in which the water 
■lands at the heijrht indicated by the dotted line. The boiler is 
closed on all sides ; all its openinffs beinjr guarded by valves. The 
tubes marked e e conduct the smoke and name of the fuel through 
the boiler to the chimney C C, serving, at the same time, to com- 
municate Uie heat to the remotest part of the boiler. By this 
arrangement none of the heat is lost, as these tubes are all surround- 
ed by the water. S S S is the steam pipe, open at the top B S, 
having a steam-tight cock, or regulator, V. which is opened and 
shut by the crank H, extending outside of tne boiler, and which is 
managed by the engineer.* 

The operation of the machine is as follows : the steam being gen- 
erated in great abundance in the boiler, and being unable to escape 
oat of it, acquires a considerable degree of elastic force. If at that 
moment the cock V is opened, by the handle H, the steam pene- 
trating into the tube S at the top, near X, and in the direction of 
the arrows, passes through the tube and the valve V, and enters 
the valve box t. There a sliding valve o o, which moves at the 
same time with the machine, opens for the steam a communication 
roccessively with each end of the cylinder. Thus, in the figure, 
the entrance on the left hand of the sliding valve is represented as 
bein^ open, and the steam follows in the direction of the dotted 
line into the cylinder, where its expansive force will move the pis- 
ton P in the direction of the arrow. The steam ot^dr on the other 
nde of the piston passes out in the direction of the dotted line to u, 
which communicates with the tube i t, from which it passes into 
the chimney C, and thence into the open air. The sliding valve 
o o now moves and leaves the right hand aperture open, while it 
closes the one on the left. The steam then drives the piston back, 
and that portion of the steam on the left of the piston, having per- 
formed its ofilce, passes out of the aperture «, an opening to which 
18 made by the new position of the uiding valve. Thus, the sliding 
▼alve opening a communication, alternately, with each side of the 
piston, the steam is admitted on both sides of the piston, and having 
perfbrmed its office, it passes through the aperture u to the tube 1 1, 
and the chimney C, and from thence into tne open air. 

Motion being thus given to the piston, it is communicated, by 

* Tkia cock li not ae^n In the figure, becaiuM it is ia the inside of the tabs. 
TIm figure repreeents the outside. 

' - _ ... . ■ . . 

tOI Describe the loexnmlive steam engine. In the 89th figure, what do F D 
and G represent f What do fto following refbrences respectively represent, 
r,9S9? BBB? eeeef %SC! oof u$ Htttf Ti nOK* ' 
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means of the rod R and the beam O, to the crank K; which, being 
connected with the axle of the wheel, caoaes it to turn, and thua 
moves the machine. 

Thus constracted, and placed on a railroad, the locomotive steam 
engine is advantageously used as a substitute for horse power, for 
drawing heavy loads. 

The apparatus of safety valves and other appliances, for the man- 
agement of the power produced by the maonine, are the same in 
principle, though different in form from those used in other steam 
engines ; for a particular description of which, th^ student is refer- 
red to practical treatises upon the subject.*^ 

508. Heat is propagated in two ways, namely, by 
conduction and by radiation. Heat is propagated . by 
conduction when it passes from one substance to anoth- 
er in contact with it. Heat is propagated by radiation 
when it passes through the air or any other elastic 
fluid. Different bodies conduct heat with different de- 
grees of facility. The metals are the best conductors, 
and among metals silver is the best conductor. 

509. For this reason any liquid may be heated in a silver vessel 
more readily than in any other of the same thickness. The metals 
stand in the following order, with respect to their cond acting pow- 
er, namely, silver, gold, tin, copper, piatina, steel, iron, and lead. 

510'. It is on account of the conducting power of metalst that (he 
handles of metal tea pots, and coffee pots, are commonly made of 
wood ; since, if thev were made of metal, thev would become too hot to 
be grasped by the hand, soon after the vessel is filled with heated fluid. 
Wood conducts heat very imperfectly. It may be held by the fin- 
gers very near the part which is burning, or red hot. Animal and 
vegetable substances, of a loose texture, such as fur, wool, cotton, 
&c. conduct heat very imperfectly ; hence their efficacy in preserv- 
ing the warmth of the bony. 

511. Heat is reflected from bright surfaces ; while 
black or dark colored bodies absorb the heat that falls 
on them. 

* In** A Praetieal Treatise on Locomotive Engines upon RaUwaySy^^ by the 
Chevalier F. M. O. De Pambour^ the reader will find a particular description of 
all the parts of the locomotiye engine. 

t Metiils, on account of their coDdiict|piff power, cannot be handled when rais- 
ed to a temperature above 120 degrees ofFahrenlLeit. Water becomes scalding 
hot at IfiOdeg.j but air, heated fhr beyond the temperature of boiling water, may 
be applied to the skin without much pain. Sir Joseph Banks, with leveral other 

508. In what two ways is heat propagated ? When is it propagated by con- 
duction ? When is it propagated by radiation f Do all bodies conduct heat 
with the same degree of fhcility ? what bodies are the best condnctofs * In 
what order do the metals stand with respect to their conducting power f ' I« 
wood a good conductor of heat f Why are wool, tm^ &c. so efficacious in pre- 
serving the warmth of the body i What is related, in the note, with regard to 
the conducting power of heat * 611. What bodies reflect the beat f What 
bodies absorb the hest f 
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612. This is the reason why the bright brass andirons, or any 
other bright substances, placed near a hot fire, seldom become heat- 
ed ; while other dark substances, further removed from the fire, be- 
come too hot for the hand. 

513. Snow or ice will melt under a piece of black cloth, when it 
will remain perfectly solid under a white one. The farmers, in 
some of the mountainous parts of Eiirope, are accustomed to spread 
black earth, or soot, over the snow, in the spring, to hasten its 
melting, and enable them to commence ploughing early . 
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SECTION XIV. 

514. Optics is the science that treats of light, of col- 
ors, and of vision, or sight. 

515. The science of optics divides all substances into the follow- 
ing classes ; namely, luminous, transparent, and translucent ; re- 
flecting, refracting, and opaque. 

516. Luminous bodies are those which shine by their own light ; 
that b, by light proceeding from their own substance ; such as the 
sun, the stars, a burning lamp, or a fire. 

517. Transparent substances are those which allow light to pass 
through them freely, so that objects can be distinctly seen through 
them ; as glass, water, air, &c. 

518. Translucent bodies are those which permit a portion of light 
- to pass through them ; but render the obiect behind them indis- 
tinct \ as horn, oiled paper, colored glass, &c. 

fentlemen, remained tome time in a room when the heat wm A2 degrees above 
the boilfnf point, — but, though they could bear the contact of the heated mr, 
they could not touch any metallic rabstance, as their watch chain*, money, &c. 
Eggs, placed on a tin frame, wm« roasted hard in twenty minutes ) and a beef 

, ateak was overdone in thirty three minutes. 

t '^ Chantey, the celebrated sculptor, has an oven which he uses for drying his 
plaster cuta and moulds. The thermometer generally stands at 900 deg. in it, 
yet the workmen enter, and remain in it some minutes, without difficulty } but 
a gentleman once entering it with a pair tX silver-mounted speetacles on, had 
his ihce burnt when the metal came in contact with the skin. 



Why do bri^t bodies, when placed near a hot fire, seldom become heated f 
M4. Of what does optics treat \ 616. Into what classes does the science of op^ 
tics divide all substances \ 616. What are luminous bodies \ Give an example 
of ft luminous body. 617. What are transparent bodies ? Give an example of 
a transparent body. 618. What are translucent bodies f Give an example of 
a translucent body. 
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519. Reflectinir iiabstancefl are those whieh do not permit light to 
pOM throug^h them ; bat throw it off in a direction more or leas ob- 
liqae, acoordinff as it falls on the reflecting surface; as polished 
steel, looking glasses, polished metal, &c. 

520. Refracting substances are those which turn the light from 
its course, in its passage through them ; and opaque sulNrtances are 
those which permit no light to pass througn them; as metids, 
wood, &c. 

521. It is not known what light is. Sir Isaac Newton supposed 
it to consist of exceedingly small particles, moving from lummous 
bodies ; others think that it consists of the undulations of an elastic 
medium, which fills all space, and which produces the sensation of 
light to the eye, in the same manner as the vibrations of the air 
produce the sensation of sound to the ear."* 

&22, A ray of light is a single line of light proceeding 
from a luminous body. 

523. Rays of light are said to diverge when they sep- 
arate more widely, as they proceed from a luminous 
body. 

524. Fig. 90 represents the rays of light Fi g. »^ F. 
diverging as they proceed from the lumi- 
nous Dodyf from F to D. 




525, Rays of light are called converging when they 
approach each other. The point at which converging 
rays meet is called the focus. 

Fff. 91. 
Fig. 91 represents converging rays of light, 
and the point F is the focus. 




526. A beam of light consists Fig. 92. 

of many rays running in paral- 
lel lines. .^^ 

Fig. 92 represents a beam of light. ^/li 

627. A pencil of light is a collection of diverging or 
converging rays. 

• The opinions of philoM>plien st the present day are inclining to the undo- 
latory theory. 




519. What are reflecting tubttances t Give an example of a reflecting l>ody. 
«0. What are refracting sabstances? What are opaque substances? 521. 
What is light f What did Sir Isaac Newton suppose it to be f What other 
opinions have been formed concerning it f 522. What is a ray of light ? 523. 
When are rays of light said to diveige f What does Fig. 90 represent i 525. 
When are rays of light called converging ? What is the point, at which con- 
▼erging rays meet, called t 526. What is a beam of light f What does Fig. 92 
represent I &l What is a pencil of light f 
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5QS. A medium is any substance, solid or fluid, 
through which light can pass ; as water, glass, air, &c. 

529. The rays of light which proceed from terrestrial 
bodies, proceed in a diverging manner, until they meet 
with some refracting substance ; but the rays of the sun 
diverge so little, on account of the immense distance of 
that luminary, that they are considered parallel. 

530. Light, when proceeding from the sun, or any 
other luminous body, is projected forward in straight 
lines in every possible direction. It moves with a ra- 
pidity but little short of 200,000 miles in a second of 
time. 

531. Every point of a luminous body is a centre, 
from which light radiates in every direction. Rays, 
proceeding from different bodies, cross each other with- 
out interfering. 

532. A shadow is the darkness produced by the in- 
tervention of an opaque body, which prevents the rays 
of light from reaching an object behind the opaque 
body. 

533. Shadows are of different demes of darkness, because the 
light from other luminous bodies reaches the spot where the shadow 
is formed. Thus, if a shadow be formed when two candles are 
burning in a room, that shadow will be both deeper and darker if 
one of the candles be extinguished. The darkness of a shadow is 
proportioned to the intensity of the light, when the shadow is pro- 
du(^ by the interruption of the rays from a single luminous 
body.* 

534. When a luminous body is larger than an opaque 
body, the shadow of the opaque body will gradually di- 
minish in size till it terminates in a point. The form of 
the shadow of a spherical body will be that of a cone. 

* As the degree of light and darkness can be eatimated only bycomparison, 
the stronjreat light will appear to produce the deepest shadow. Hence, a total 
eclipse of the sun occasions a more sensible darkness than midnight, because it 
is immediately contrasted with the strong light of day. 

. 6S9. What is a mediom ? 529. In what manner do the rays of light proceed 
flrom terrestrial bodies ? In what kind of lines do the rays of light proceed from 
the sun ? 530. In what way is light projected forward from any luminous body t 
With what rapidity does it move t 531. From what point, in a luminous body, 
does light radiate ? 532. How is a shadow produced ? Why are shadows of 
dillbrent degrees of darkness f To what is the darkness of a shadow propor- 
tioned, when the shadow is produced by the interruption of the rays from a 
single luminous body ? 534. What is said of the shadow of the opaque body, 
when the Inminous body is the larger ? 
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536. Jlliutration. Fiir. 03. A re- i 

prcKnta the >dii, snd B Ihe moon. 
Tbe siiD, being mutb lorf^r Uian the 
moon, cuuea it lo cast a converging 
(Indow, which leriniDateii at E. 

536. When the luminous body ie emtiller than (he 
opaque body, the shadow of (he opaque body gradually 
increases in size, wiih the distance, without limit. 

E Fl(. H. 

537. m^Uatiun. In 
Fig. 94 \iiB sliulow of 
the object, A, incieaaps 



538. When several luminous bodies shine upon the 
same object, each one wilt produce a shadow. 

Flf. » 

539. Fig, 05 represents a 
ball A illuminated b; ihe three 
candles, B C and D. The t 

light B pioducpg the shsdow a 

b, Ihe light C, the shadow c, 

and the tight D, (he shsdaw d; , 

but M the tight from each of g 

tlie candlea aninea upon all the 

ihadoiTS, except iti own, the 

shadowa will he &int. * " 



540. When rays of light fall npon an opaque body, 
which they cannot pass, part of them are absorbed, and 
part are reQccted, and rebound back, like an elastic ball 
which is thrown against a wall. By the reflection of 
light is meant its return or passage from a reflecting 
substance. 



BiplslB Fl(. ss. S34. WliaiiinldoniieiliadowtirtksopBquebadr.Hhan 
Iba luminous bodT li ih« unsllcr I Eipiijn Ri. 9*- SS9. How msoy ihi* 
dowi Kro producsd wtuin Hrenl lnnttnow bodies thins upon Ihe nmsob- 

upon u opsqoe bodr which Ihej' cinnui pu f Wliat !• meant bj (bs nllM- 
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In this renpect, light is goTerned by the same laws as those 
which relate to solid elastic bodies. 

541. When light falls perpendicul^y on an opaque 
body, it is reflected back in the same line, towards the 
point whence it proceeded. If it fall obliquely, it will 
be reflected obliquely in the opposite direction ; and in 
all cases the angle of incidence* will be equal to the 
angle of reflection. This is the fundamental law of re- 
flected light. 

542. Opaque objects are seen only by reflected light. 
Luminous bodies are seen by the rays of light which 
they send directly to our eyes* 

543. The intensity of light is diminished every time 
it is reflected, because all bodies have a tendency to ab- 
sorb a portion of the light which they receive. 

544. Every portion of a reflecting surface reflects an 
entire image of the luminous body shining upon it. 

545. When the sun or the moon shines apon a sheet of water, 
every portion of the surface reflects an entire image of the lumi- 
nary ; but as the image can be seen only by reflected rays, and the 
angle of reflection is always equal to the angle of incidence, the 
image can be seen only in that spot where these angles meet. 

546. Objects seen by moonlight appear fainter than 
when seen by daylight, because the light by which they 
are seen has been twice reflected. 

547. The moon is not a luminous body, but its light is caused by 
the sun shining upon it. This light, reflected from the moon and 
falling upon any object is again reflected by that object. It suffers, 
therefore, two reflections; and since (SeeJ^o. 543.) a portion is abr 
Borbed by each surface that reflects it, the light must be proportion- 

* The angles of incidence and reflection have already been explained in page 
32, No. 147. As this law e£ reiSected light in one of the most Important in the 
science of optics, it is necessary that the pupil have a clear idea of it. He must, 
therefore, view the particles of light as so many minute balls, bounding against 
a surface, and reflected according to this law. 



By what laws is light governed, in this respect .' 541. How is light reflected 
when it falls perpendicularly on an opaque body f How is it reflected wlien it 
falls obliquely f How do the angles of incidence and reflection compare with 
each other f How should every particle of light be viewed in order to have a 
clear idea of it f 642. By what light are opaque objects seen f How are lumi- 
nous bodies seen i 643. Why is we intensity of light diminished every time it 
is reflected f 544. Does every portion of a reflecting surfhce reflect an entire 
image of the luminous body diining upon it f When the sun or moon shines 
upon a sheet of water, why do we not see an image reflected firom every por- 
tion of the surface i 546. Why do objects, seen by moonlight, appear ftinter 
than when seen by daylight ? By what light does the moon shine f 

10 
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ally Iminier. In trarersin^ the atmosphere, also, the rays, both of 
the Ban and moon, suffer diminution , for, althouffh the pure air is a 
transparent medium, which transmits the rays of light freely, it is 
generally loaded with vapors and exhalations, by which some por- 
iion of them is absorbed. 

548. All objects are seen by means of the rays of 
light emanating or reflected from them ; and when no 
tight falls upon a body it becomes invisible. 

549. This is the reason why none but luminous bodies can be 
seen in the dark. For the same reason, objects in the shade, or in a 
darkened joom appear indistinct, while tliose which are exposed to 
a strong light can oe clearly seen. 

550. When rays of lights proceeding from any object, 
enter a small aperture, they cross one another and form 
an inverted image of the object. 

551. niusiration. Fig. 96 represents the Fig. 96. 

rays from an object a e entering an aperture. 
Tne ray from a passes down through the 
aperture to d, and the ray from c passes up 
to bf and thus these rays, crossing at the 
aperture, form an inverted image on iJbe 
wall. The room In which this experiment 
is made should be darkened, and no light 
permitted to enter, excepting through the aperture. It then be- 
comes a camera obscura.* 

562. The angle of vision is the angle formed at the 
eye by two lines drawn from opposite parts of an ob- 
ject. 

553. Fig. 97 repre- ^^- ^' ^ 

sents the angle of vis- 
ion. The Cue A C 
proceeding from one 
extremity of the ob- 
ject meets the line B C 

proceeding from the T 

opposite extremity, 
and forms an angle 
at the eye, or C ; and this is the angle of vision. 

* These words Bigiiiry a darkened ckamber. In the future description which 
will be given of the eye^ it will be seen that the camera obscura is constructed 
on the same principle as the eye. If a convex lens (See No, GOS,) be placed in 
the aperture, an inverted picture, not only^f a single object, but of the entire 





B 



What absorbs some of the rays of light in traversing the atmosphere * 648. 
How are all objects seen f Why can none but luminous bodies be seen in the 
dark f 5.50. What kind of an image is formed when rays of light, proceeding 
fVom an object, enter a small aperture ? Illustrate this by Fig. 96. What Is a 
camera obscura i How can a portable camera obscnra l>e made ? 552. How is 
the angle of vision formed I Explain Fig. 97. 
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554. Fig. 98 represents the diflferent angles, msde by the same ob- 
ject, at different distances. From an inspection of the Fig. it is 
evident, that the nearer an object is to — -^ 
the eye, the wider must be the opening ' 
of the lines to admit the extremities of 
the object; and, conseqaently, the larger o 
the angle under which it is seen ; and, 
on the contrary, that objects at a distance ^ 
will form small angles of vision. Thus, q ^^^""^'b 
in this figure, tlie three crosses, F G, xt mj 
D E, and A B are all of the same size ; but A B, bein&r the most 
distant, subtends the smallest angle* A C B, while D E and F G, 
being nearer to the eye, situated at C, form respectively the larger 
angles, D C £ and F C G. 

555. When an object, at any distance, <}oes not sub- 
tend an angle of more than two seconds of a degree, it 
is invisible. 

At the distance of four miles a man of common stature will thus 
become invisible. 

656. When the velocity of a moving body does not 
exceed twenty degrees in an hour, its motion is imper- 
ceptible. 

It is for this reason that the motioa of the heavenly bodies is in- 
visible, notwithstanding their immense velocity. 

557. Illustration. . The real velocity of a body in motion round a 
point, depends on the space comprehended in a degree. The more 

landscape, will be found on the wall. A portable camera obecora is made by 
admitting the light, into a box or any size, through a convex lens, which throws 
the image npon an inclined mirror, fVom whence it is reflected upwards to a 
plate or ground glass. In this manner a beautidil but diminished image of the 
landscape, or of any group of objects, is presented on the plate in an erect po- 
altion. . I 

* The apparent size of an object depends upon <he size of the angle of vision. 
But we are accustomed to correct, l>y expevience, tlie fallacy of appearances ; 
and, therefore, since we know that real objects do not vary in size, but that the 
angles under which we see them do vary with the distance, we are not deceived 
by the variations in the appearance of objects. Thus, a house, at a distance, 
appears absolutely smaller than the window through which we loolc at it; 
otherwise we could not see it through the window ; but our knowledge of the 
real size of the house prevents our alluding to its apparent magnitude. In Fig. 
98 it will be seen that the several crosses, A B, D E, and F 6, although very 
different in size, on account of their diflbrent distances, subtend the same angle 
ACS', they, therefore, aii appear to the eye to be of the same size. 

It \» upon a correct observance of the angle of vision that the art of perspec- 
tive drawing is indebted for its accuracy. 

What does Fig. 98 represent ? What eflTect has the nearness of the object to 
the eye, on the angle f Illustrate this by the Figure.. Upon what does the ap- 
parent size of an object depend ? Why do objects appear so large > To what is 
the art of perspective drawing indebted for its accuracy I 555.. How Targe an 
angle must a body subtend to be visible? 556. Wiien is the motloji of a body 
invisible ? Why is the motion of the heavenly bodies invlsibre i Upon what 
does the real i slocity of a body, in motion round n point, depend i 
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distant the moving body from the centre, or, in Fif • 0^ 

other words, the larger the circle which it has 
to describe, the larger will be the degree. 

In Fig. 99 if the man at A, and the man at B 
both start together, it is manifest, that A must 
move more rapidly than B, to arrive at C at the 
same time that B reaches D ; because the are 
A C is the arc of a larger circle than the arc B D. 
But to the eye at £, the velocity of both ap- 
pears to be the same, because both are seen on- C 33 |^ 
der the* same ansrle of vision. ' 

558. Light is said to be reflected when it is thrown off 

from the body on which it falls. 

559. It has already been stated (S^ JVb. 540.), that when light 
falls upon any body, part of it is absorbed and part is reflected. It 
remains now to be observed, that light is reflected in the largest 
quantities from the most highly polished surfaces. Thus, although 
most substances reflect it in a aegree, polished metals, looking-glas- 
ses, or mirrors, &c. reflect it in so perfect a manner as to convey to 
our eyes, when situated in a proper position to receive them, per- 
fect images of whatever objects shine on th^ni, cither by their own, 
or by borrowed light. 

560. That part of the science of optics which relates 
to reflected light is called Catoptrics. 

561. Rays of light are reflected according to the 

same laws which regulate the motions of elastic solid 

bodies. 

Thus, a ray falling on a reflecting surface will be thrown ofF 
from that surface in such a manner that the angle of incidence will 
be eqdal to the angle of reflection.* This is Uke fundamental law 
of catoptrics or reflected light. 

562. An incident ray is a ray proceeding to, or fall- 
ing on any surface ; and a reflected ray is the ray 
which proceeds from any reflecting surface. 

5G3. Fig. too is designed to show the angles of incidence and 
of reflection. In this figure M A M is a mirror, or reflectingf sur- 

* The angles of incidence and reflection have already heen described in page 
83, No. 121, bat as all the phenomena of reflected light depend upon the law 
Btatted above, and a clear idea of these angles is necessary, in order to under- 
Btand the law, it is deemed expedient to repeat in this connexion the explana- 
tion already given.. 

Explain Fig. 99. Why does the velocity of both, to an eye at E, appear to be 
the same ? 558. When is light said to be reflected ? What becomes of the 
light which falls upon bodies > What surfaced reflect the largest quantity of 
light f 560. What is catoptrics.' 561. By what laws are rays of light reflect- 
ed \ What is the fundamental law of catoptrics \ 562. What is an incident 
ray ? What is a reflected ray > What does Fig. 100 represent I Explain 
the Fignre. 
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Fig. 100. 
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face. P is a line perpendicular to the sur- 
face. I A represents an incident ray, falling 
on the mirror in such a manner as to foiro, 
with the perpendicular P, the angle 1 A P. 
This is callea the angle of incidence. The 
line R A is to be drawn on the other side of 
P A in such a manner as to have the same 
inclination with P A as I A has, so that the 
angle RAP will be equal to I A P. The 
line R A will then show the course of the re- 
flected ray ; and the angle RAP will be the 
angle of reflection. 

&64. From whatever surface a ray of light 
is reflected, whether it be a plain surface, a 
convex surface, or a concave surface, this law 
invariably prevails; so that if we notice the inclination of any inci- 
dent ray, and the situation of the perpendicular to the surface, on 
which it falls, we can always determine in what manner, or to what 
point it will be reflected. This law explains tlie reason why, when 
we are standing on one side of a mirror, we can see the reflection 
of objects on the opposite side of the room, but not those on the 
same side on which we are standing. It also explains the reason 
why a person can see his whole figure in a mirror, not more than 
half of his height. It also accounts for all the apparent peculiari- 
ties of the reflection of the diflerent kinds of mirrors. 

565. There are three kinds of mirrors used in optics, 
namely, the plain, the concave, and the convex mir- 
ror. Plain mirrors are those which have a flat surface, 
such as a common looking glass ; and they neither 
magnify nor diminish the image of objects reflected from 
them. 

566. Convex niirrors have a convex surface, that is, 
a surface bulging outwards ; and they diminish the im- 
age of objects reflected from them. A convex mirror is 
a portion of the outside of a sphere. 

567. Concave mirrors have ^ concave surface, that is, 
a surface hollowing inwards ; and under certain circum- 
stances magnify the image of objects which they reflect."^ 

* Concave mirrors sometimes present a magnified, sometimes an equal, and 
sometimes a diminished image. Tlie size of the image depends upon the dis- 
tance of the object flrom the surface (^the mirror. 



Do the different kinds of surfiices, from which light is reflected, cause any vari- 
ation from this rule f How can you explain the reason, why, when standing on 
one side of a mirror, we see the reflected objects on the opposite side ? 665. 
What are plain mirrors ? How do they make the image appear { 566. What 
are convex mirrors ? How do they make the image appear ? What part of a 
sphere is a convex mirror f 687. What are concave mirrors ? How do they 
make the image appear f 

10* 
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A concave mirror is a portion of the inner surface of a 

sphere. 



Vig. 101. 



o 




568. BlMstrmtum, In Fig. 
101 M N repreienta both a 
convex and a concave mir- 
ror. They are both a por- 
tion of a sphere of wbicn O 
is the centre. The outer 
part of M N is a convex, and 
the inner pari is a concave 
mirror. Let A B, C D, £ 
F, represent raya fiilling on 
the convex mirrcwM N. As 
the three rajs avr paralle), 
they would all be perpen- 
dicular to a plane or flat mirror ; but no ra^ can fall perpendieu' 
larly on a concave or convex mirror, which is not directed toward 
the centre of the sphere of which the mirror is a portion. For this 
reason the rav C D is perpendicular to the mirror ; while the other 
ravs A B and £ F fall obliquely upon it. The middle ray therefore 
faUing perpendicularly on the mirror, will be reflected back in the 
same line, while the two other rays falling obliquely will be re- 
flected obliquely ', namely, the ray A B will be reflected to G and 
the ray £ r toH^and the angles of incidence A B P and £ F T 
will be equal to the angfeff (3* reflection P B G and T F H, and 
since we see objects in the direction of the reflected rays, we shall 
see the image at L, whick is the point at which the reflected rays if 
continued Uirough the mirror wottM «»ite and form the image. 
This point is equally Astant from the surface, and the centre of the 
sphere, and is called the imaginary focus of the mirror. It is call- 
ed the tmaginary focus, because the rays do not really unite at that 
point, but only appear to do so; for the rays do not pass through 
the mirror, since they are reflected by it. 

569. The image of an object lefleiBted from a convex mirror la 
smaller than the ob^t. 



570. fUusira- 
tion. This is 
owing to the di- 
vergence of the 
reflected rays. 
A convex mir- 
ror converts, by 
reflection, par- ^ 
allel rays into 
divergent rays;, 
rays that fall 
upon the mirror 
divergent, are 
rendered still 
more divergent 



Fig. Ktt. 




What part of a sphere is aeoncsTe mirror f In Fig, 101, which part of the 
sphere represenu a convex mirror ? Which part a coacave niirror t Explala 
the figure. 
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by refleefion, mid convergent rays are reflected either parallel, or 
less convergent. If, then, an object A B be placed before any port 
of a convex mirror, the two rays A and B proceedioff from ihe 
extremities, falling convergent on the mirror, will be reflected less 
convergent, and will not come to a focus until they arrive at C : 
then an eye placed in the direction of the reflected rays will see 
the image formed in (or rather behind) the mirror at a b; and as 
the image is seen onaer a smaller angle than the object, it will ap- 
pear smaller than the object. {See JSo. 552.) 

571. Concave mirrors have the peculiar property of forming 
images in the air. The mirror and the ob^ct being concealed be- 
hind a screen, or a wall, and the object being strongly illuminated, 
the rays from the object fall upon the mirror, and are reflected by it 
through an opening m the screen or wall, forming an image in the 
air. Showmen have availed themselves of this property of concave 
mirrors, in producing the appearance of apparitions, which have 
terrified the young and the ignorant. These images have been 
presented with fi^reat distinctness and beauty, by raising a fino 
transparent cloud of blue smoke, by means of a chafing-dish, around 
the focus of a large concave mirror. 

The true focus of a concave mirror is a pmnt equally distant from 
the centre and the surface of the sphere, of which the mirror is a 
portion. 

572. When an object is further from the concave mirror than its 
focus, the itsoLeis will be inverted ; but when the object is between 
the mirror antfits focus, the image will be upright, and grow larger 
in proportion as the object is placed nearer to the mirror. 

573. The image reflected by a concave mirror is larger than the 
object, when the object is placed between the mirror and its focus.* 

574. Illustra- 
tion. TkiB la OW' Fig. 108. 
ing to the con- 
vergent proper- 
ty of the con- 
cave mirror. If 
the object A B 
be placed be- 
tween the con- 
cave mirror and 
its focus /, the 
rays A and B 
from its extrem- 
ities will fall di- 
vergent on the 
mirror, and, on 

* There are three caaes to be considered with regard to the efTecta of concave 
mlrroni: 

1. When the object Is placed between the mirror and the principal focat. 




8n. What peculiar property belongs to concare mirrors f How can thiM be 
done t Where is the trae focus of a concave mirror i 672. How does an ob- 
ject appear when placed farther firom a concave mirror than its focus t How 
must an object be placed to appear upright f In what proportion does the size 
of the otti^t increase ? 673. Do concave mirrors always present magnified 
Images f 
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beinff reflected, become less divergent, as if they proceeded from 
C. To an eye placed in that situation, namely, at C, the image 
will appear magnified behind the mirror, at a b, since it is seen un- 
der a larger an^e than the object. 

57.5. Ihe following facts result from the operation of the law 
already stated as the fundamental law of catoptrics, namely, that 
the angles of incidence and reflection are always equal. The truth 
of these statements may be illustrated by simple drawingrs; always 
recollecting, in drawingj;he figures, to make the angles of incidence 
and reflection equal. The whole may also be shown by the simple 
experiment of placing the flame of a candle in various positions, 
before both convex and concave mirrors : 

First^ With regard to Convex Mirrors, 

576. Parallel rays, reflected from a convex surface, are made to 
diverge. 

577. Diverging rays, reflected from a convex surface, are made 
more diverging. 

578. When converging rays tend towards the foeus of parallel 
rays, they will become parallel when reflected from a convex 
surface. 

579. When converging rays tend to a point nearer the surface 
than the focus, they will converge less when reflected from a con- 
vex surface. 

580. If converging rays tend to a point between the focus and 

2. When it la situated between its oentre of concavity and tliat focus. 
S. Wtien it is more remote tlian the centre of concayity. 

1. In the first case, the rays of light diverging after reflection, but In a less 
degree than before such reflection took place, the image will be larger than the 
oliject, and appear at a greater or smaller distance from the snrtace of the mir- 
ror, and behind it. The image in this case will be erect. 

2. When the object is between the principal focus and the centre of the mir- 
ror, the apparent image will be in front of the mirror, and beyond the centre, 
appearing very distant when the object is at or just beyond the focus, and ad- 
vancing towards it as it recedes towards the centre of concavity, where, as 
already stated, the image and the otiject will coincide. During the retreat of 
the object, the image will still be inverted, because the rays belonging to each 
visible point will not intersect before iliey reach the eye. But in this case, the 
image becomes ieaa and less distinct, at the same time that the visual angle is 
increasing ; so that at the centre, or rather a little before, the image becomes 
confused and imperfect ; owing to the small parts of the object subtending an- 
gles too large for distinct vision, just as happens when objects are viewed too 
near with the naked eye. 

S. In the cases Just considered, the images will appear erect*, but in the case 
where the object is fUrther from the mirror, ttian Its centre of concavity, the 
image will be inverted : and the more distant the ot^i^ct is from the centre, the 
less will be its image, and the fuiliier from the said centre, or the nearer the 
focus and the converse, the image and object coinciding when the latter is sta- 
tioned exactly at the oentre, as noticed in the preceding case. 



675. What facts are stated with regard to convex mirrors, as resulting fl-om 
the fundamental law of catoptrics f 676. What is said of parallel rays f 677. 
What is said of diverging rays ? 578. What is said of converging rays, when 
they tend towards the focus of parallel rays ? 679. What is said of converging 
rays, when they lend to a point nearer the surface than the fucus ? 680. What 
is sai I of converging rays, when they tend to a point between the focus and the 
centre ? 
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tb&centfe, they will diverge as from a point on the other side of 
the centre, farther from it than the point towards which they con> 
verged. 

581. If converging rays tend to a point beyond the centre, they 
will diverge as from a point on the contrary side of the centre, 
nearer to it than the points towards which they <!on verged. 

582. If converging rays tend to the centre when reflected from a 
CONVEX mirror, Uiey will proceed in a direction as far from the 
centre. 

Secondly^ With regard to Concave Mirrors. 

583. Parallel rays, reflected from a concave surface, are made 
converging. 

584. Converging rays, falling upon a concave surface, are made 
to converge more. 

585. Diverging rays, falling upon a concave surface, if they 
diverge from a focus of parallel rays, become parallel. 

586. If fl-om a point nearer to the surface than that ibcus, they 
diverge less than before reflection. 

587. If from a point between that focus and the centre, they con- 
verge, after reflection, to some point on the contrary side of the 
centre, and farther from the centre than the point from which they 
diverged. 

588. If from a point beyond the centre, the reflected rays will 
converge to a point on the contrary side, but nearer to it than the 
point from which tliey diverged. 

589. If from the centre, tliey will be reflected thither again.* 

In estimating these angles, it must be recollected, that no line is 
perpendicular to a convex or concave mirror, which will not, when 
sumcienlly prolonged, pass through the centre of the sphere of 
which the mirror f is a portion. 

* The nboTc fourteen principles, relating lo rays of light reflected ft'om con- 
vex and concave surfiices, all result from the same fundamental law of catop- 
tries, which has already been stated sever*tl times, namely, that when light falls 
on any reflecting surface, it will invariably be reflected in such a manner as to 
make the angle of reflection equal to the angle of incidence. 

t Mirrors for looking-glasses) may be made of polished metal, or glass, with 
the back covered with an amalgam, or mixture of mercury and tinfoil. It is the 
smooth and bright surface of the mercury that reflects the ra)-ft', the glass acting 
only as a transparent case, or coverins, through which the rays find an easy 
passage. Some of the rays are absorbed in Iheir passage through the glass, be- 
cause the purest glass is not free (Vom imperfections. For this reason, the best 
mirrors are made of fine and highly-polished steel. 

Concave mirrors, by the property which they p(»ses8 of causing parallel rays 
to converge to a focus, are sometimes used as burning-glasses. M. Dulky made 



581. What is said of converging rays, when they tend to a point beyc»nd the 
centre f 582. What is said of converging rays, when they tend to the centre f 
583. What is said with regard to parallel rays, when reflected from a concave 
surface f 584. What is said of converging rays.' 585. What is said of diverging 
rays, if they diverge from a focus of parallel rays ? 586. What, if from a point 
nearer to tiie surface than that focus ? 587. What, if from a point between 
that focus and the centre i 588. If from a point beyond the centre ? 589. If 
from the centre f Note. From what do these fourteen principles, stated above, 
result ? How can you prove whether a line be perpendicular to a convex or a 
concave mirror ? Ifote. Wha>. is said with regard to mirrors i Of what are 
the best mirrors made ? For what are coccave mirrors sometimes used i 
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SECTION XV. 

Befr<iction of lAghL — Optics continued. 



590. That part of the science of optics which treats 
of refracted light is called Dioptrics."^ 

59 K By thje refraction of light is meant its heing 
turned or bent from its course ; and this always takes 
place when it passes obliquely from one medium to an- 
other. 

592. By a mediam^t- in optics, is meant any substance through 
which light can pass. Thus, air, glass, water, and other fluids, are 
media. 

593. There are three fundamental laws of dioptrics, 
cm. which all its phenomena depend, namely : 

First. When light passes from one medium to another, in a direc- 
tion perpendicular to the surface, it passes on in a straight line 
without altering its course. 

Second. When light passes in an oblique direction, from a rarer 
to a denser medium, it will be turned from its course, and proceed 
through the denser medium less obliquely, and in a line nearer to 
a perpendicular to its surface. 

Third. When light passes from a denser to a rarer medium, it 
passes through the rarer medium in a more oblique direction, and 
in a line further from, a perpendicular to the surface of the denser 
medium. 

a'ConcaTemirror of plaster or Pari8,'gf It and burnished, 20 inches in diameter: 
with which he set fire to tinder, at the distance of fifty feeC. Bat the most re- 
markable thing of the kind on record, is the compound mirror constructed by 
Buflbn. ITe arranged 168 smalf phine mirrors in such a mmmer as to reflect 
radiant light and heat to the same fbcus, like one large concave mirror. With 
this apparatus he was able to set wood on fire at the distance of 209 feet, to melt 
lead at 100 fi$et, and silver at 50 feet. 

* The power of being refracted is called r^angibilUy. 

t The plaral number of this word is mtdioj althoagh mediums is sometimes 
used. A medium is called dense or rare, in optics, according to its refl-active 
jiower,. and not according to its specific gravity. Thus, alcohol, and many of 
the essential oils, although of less specific gravity than water, have a greater 
rafhicting power, and are, therefore, called denser media than water. In the 
fbllowing list, the various substances are enumerated in the order of their re- 
fractive power, or, in other words, in the order of their density, the last men- 
ttoned being the densest, and the first the rarest, namely : air, ether, ice, water, 
alcohol, alum, olive oil, oil of turpentine, amber, quartz, glass, melted sulphur* 
diamond. 



590. What is Dioptrics f 591. What is meant by the refraction of light ? 
When does this take place ? 592. What is a medium, in optics? Give some 
examples of media. Note. In what proportion is a medium dense or rare i 
093. What are the three fundamental laws of dioptrics f 
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594. IttiulTatum. In Tig. 104, tbe line A B repieaeats a ray ol 
light pftsaing from ur into nater, in a perpendicular direclion. Ac 
cordiDv fo tbe fint law, stated itbore, it will continue on in tlu 
■ame uae through the deDBer mediam to E. „ _ 

If the ray were to pas> upward' through the - *^'*' "* 

denser niedlum, the vater, in the ume nei- 
pendicular direction to the sir, b^ 
lav it would alio continue on \n 



Btraight line to A. 

5^. Bat if the ray proceed from a ran 



■ deniei medium, in an oblique direction, as 
from C to B, when it enters the deniier medi- 
um it will oot continue on in the soiDe straight 
line to D, but, bj the second law, slated 

above, it will be refracted or bent out of its course, and proceed ii 
a leu oblique direction to F, which is nearer the perpendicular A 1 
E than D 18, 

B96. Again, if the ray proceed from the denoer medium, the 

of pursuinr its strai^t course to G, it will be refracted accordin 
the third Taw above atated, and proceed in a more oblique di 



the rare medium, the air, namely, from F to B,— instead 
toG, it will be re" 
ad proceed i 
C, which is further from the perocnd 
refraction is more or leas in all cases in propoclioo a; 



rave fall more or less obliquely on the refracting 

597. From what has now wen stated, with regard to reftaction, 
it iritl be seen that many interesting facte may be explained. Thus, 
an oar or a stick, when partly immersed in water, appears bent, be- 

medinm ; the part which is in the water appears higher than it really 
is, on account of the refraction of tbe denser medium. 

59tj. For the same reason, when we look obliquely upon a body 
of water it appears more shallow than it really is. But when wa 
look jttrptndiivlaTly downwards, from a boat, we are liable to no 
such deception, becaoae there will be no refraction. 

599. Let a piece of money be put into a cup or a bowl, and the cup 
and the eye be placed insoch a position that (he side of the cup will 
just hide the money from the sight, then keeping the eye still, let the 
cup be filled with water, ~ the money will become distinctly visible. 

600. The refraction of light preventa our eeeing the 
heavenly bodies in their real Bituation.* 

• -nigrs ii anolher reaKn, alio, wbr we dD ddI He the beavcnly boilLei In 
Ihslr lru« >1 nation. Light, Ihougti iimovs with grHiHElodij, UbIkiiiI aI-2 
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601. The light which they send to ua is refracted in passing 
through the atmosphere, and we see the sun, the stars, &c. in tlie 
direction of the refracted ray. In consequence of this atmospheric 
refraction the sun sheds his light upon us earlier in the morning 
and later in the evening, than we should otherwise perceive it. 
And when the sun is actually below the horizon, those rays which 
would otherwise be dissipated through space, are refracted by the 
atmosphere towards the surface of the earth, causing twilight. The 
greater the density of the air the higher is its refractive power, and, 
consequently, the longer the duration of twilight. 

602. When a ray of light passes from one medium to 
another, and through that into the first again, if the two 
refractions be equal, and in opposite directions, no sen- 
sible effect will be produced. 

603. This explains the reason why the refractive power of flat 
window-glass produces no effect on objects seen through it. The 
rays suffer two refractions, which, being in contrary directions, pro- 
duce the same effect as if no refraction liad taken place. 

604. ' A lens is a glass, which, according to its peculiar 
form, causes the rays of light to converge to a focus, or 
disperses them further apart, according to the laws of 
refraction. 

605. There are various kinds of lenses, named ac- 
cording to their focus ; but they are all to be considered 
as portions of the internal or external surface of a 
sphere. 

Fig. 105. 
ABODE 

606. A enngle 
convex lens has 
one side flat and 
the other convex ; j. 
as A in Fig. 105. 

607. A single 
concave lens is flat 
on one side and 
concave on the other, as B in Fig. 105. 

1M, the sun has quitted the spot he occupied on their departure *, yet we 
him in the direction of those rays, and, consequently, in a situation which he 
abandoned eight minutes and a half before. The reflraction of light does not 

601. In what direction do we see them f What causes twilight ? Upon what 
does the duration of twilight depend f What other reason is given, in the note, 
why we do not see the heavenly bodies in their true situation f When does the 
refraction of light not affect the appearance of the heavenly bodies f Why do the 
heavens appear bright in the day time ? 602. What effect is produced when a 
ray of light passes from one medium to another, and through (hat into the first 
again-? Why does the refractive power of fiat window-glass produce no 
effect on objects seen through it f 604. What is a lens ? 605. How are all 
lenses to be considered f What is a single convex lens f What part of Fig. 105 
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608. A double convex lens is convex on both sides, as C^ Fig. 106. 

609. A double concave lens is concave on both sides, as 0, Fiir. 
105. ^ 

610. A meniscus is convex on one side and concave on the other, 
as £, Fiff. 105. 

611 . The axis of a lens is a line passing through the oentre ; thius 
F G, Fig. 105, is the axis of all the five lenses. 

612. The peculiar form of the various kinds of lenses 
causes the light which passes through them to be re- 
fracted from its course. (According to the laios stcUed i» 
JVb. 593.) 

613. It will be remembered that, according to the laws stated ia 
No. 593, light, in passing from a rarer to a denser medium, is re* 
fracied towards the perpendicular; and, on the contrary, that in 
passing from a denser to a rarer medium, that it is refracted further 
from the perpendicular. In order to estimate the e^Ssct of a lenS| 
we must consider the situation of the perpendicular, with respect to 
the surface of the lens. Now, a perpendicular, to any convex or 
concave surface, must always, when prolonged, pass through the 
centre of sphericity ; that is, in a lens, the centre of the sphere «if 
which the lens is a portion. By an attentive observation, therefore, 
of the laws above stated, and of the situation of the perpeadiciilar 
on each side of the lens, it will be found in general^ — 

First, That convex lenses collect the rays into a ibcus, and 
magnify objects at a certain distance. 

Stcond, That concave lenses disperse the rays, and diminish ob- 
jects seen through them. 

614. The focal distance of a lens is the distance from 
the middle of the glass io the focus. This, in a single 
convex lens, is equal to the diameter of the sphere of 

aflbot the appearance of the heavenly bodies when they are Tertical, that far, 
directly over our heads, becaoae the rays then pasa vertically, a direction in- 
compatible with reflraction. 

It may here also be remarked, that it is entirely owing to the reflection of the 
atmosphere that the heavens appear bright in the day time. If the atmosphere 
had no reflective power, only that part would be luminous in which the sun la 
placed ; and on turning oar back to the sun, the whole heavens would appear 
as dark as In the night ; we should have no twilight, but a sudden transition 
from the brightest sunshine to darkness, inlmediately upon the setting of the sun. 

represents a single convex lens ? What is a single concave lens ? What part 
of Fig. 105 represents a single concave lens ? What is a double convex lens i 
What part of Fig. 105 represents a double convex lens ? What is a double 
concave lens I What part of Fig. 105 represents a double concave lens f What 
is a meniscus ? What part of Fig. 105 represents a meniscus f What is the 
axis of a lens f What line, In Fig. 105, represents the axis of all the Ave lenses f 
612. What is stated in No. 612 with regard to the form of the lenses * How is 
light refracted in passing from a rarer to a denser medium f How. in passliw 
from a denser to a rarer ? What most be considered in estimating the efitet of 
lenses ? Through what most a perpendicnlitf , to any convex or concave surfluM, 
always, when prolonged, pass ? What ia stated with regard to convex lenses ? 
What, with regard to concave tenses i 614. What is the fbcal distance of a 
lens ? To what Is this equal in a siDfle convex lens i To what la It equiA in a 
doable convex lens i 

11 
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whieh the lens is a portion $ and in a double convex 
lens is equal to the radius of a sphere of which the lens 
is a portion. 

615. When parallel rays*' fall on a convex lens, that 
wily which falls in the direction of the axis of the lens 
is perpendicular to its surface, and will continue on in a 
straight line through the lens. The other rays, falling 
obliquely, are refracted to the axis and will meet in a 
ibcus. 

616. It if this property of a convex leiw which gives it its power 
as a bomiog fflass. Ail the parallel rajrs of the sun which pass 
throoffh the fflass, are collected together in the ibcns; and, conse- 
aiientf|r, the heat at the focus is to the common heat of the sun, as 
Uie area of the ^rlass is to the area of the focus. Thas, if a lens, 
flmr inches in diameter, collect the sun's rays into a focus, at the 
(distaiice of twelve inches, the image will not be more than one 
tenth of an inch in diameter ; the surface of this little circle is 1600 
times less than the surface of the lens, and, consequently, the heat 
wUl be 1600 times greater at the focus than at the lens, t 

617. The folio winff effects result from the laws of re- 
fraction, stated in No. 593 ; and, first, with regard to 
ooNVEx surfaces. 

618. Parallel laya passing out of a rarer into a denser medium, 
through a coirvxx surfiu^, will become converging. 

619. Diverging rays will be made to diverge less, to become par- 
allel, or to converge, according to the degree of divergency before 
tefiraction, or the convexity ofthe surface. 

620. Converging rays, towards the centre of convexity, will suffer 
no refraction. 

* The rays of the ran are considered paranel at the surface of the earth. 

t The foUowing eflbcta were produced by a large lens, or burning glass, two 
ftet In diameter, made at Leipsie, in 1691. Pieces of lead and tin were instantly 
molted ; a plate of iron was soon rendered red hot, and afterwards ftised, or 
melted, and a burnt brick was converted into yellow glass. A double convex 
lens, Uiree ftet in diameter, and weighing 212 pounds, made by Mr. Parker, in 
Bn^aad, melted the most reflractory substances. Cornelian was fused in 75 
seconds, a crystal pebble in 6 seconds, and a piece (rf* white agate in SO seconds. 
This lens was presented by the King of England to the Emperor of China. 

610. When parallel rays All on a convex lens, which one is perpendicular to 
its aurihoe f How are the other rays, fhlling obliquely, refracMd f What prop- 
erty of a convex lens, gives it its power as a burning glass i Whem mn all 
tlia parallel rays of the ran, which pass through the glass, coUeeted f How 
does the heat at the focus compare with the common heat of the sun f What 
is related in the note with regard to the eflbcts of lenses prodooed by burning 
i^aases t 618. What is the first eflbet related as resulting 0rom the laws of 
refhictioa, stated in No. 588, with regard to convex sqrflices f 619. What is 
said of diverging rays ? 020. What Is said of converging rays towards the cen- 
tre of coavsalty i 
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?L ^^* convergring to a point bevond the eentre of ©onvexilT, 
will be made more converging. 

^. Converging raj^s towards a point nearer the surface than the 
centre of convexity, will be made leas converging by Refraction. 

[fVken the rays proceed out of a denser into a rarer medium, ths 
reverse occurs tn each caseJ] 

roQ T> ^?'?'**^y- ^^ regard to Concave Surfaces, 
*u *^arallel rays, proceeding oat of a rarer into a denser medium, 

ISi^ r? ^^^^^^'^ surface, are made to diverge. 

b24 Diverging rays are made to diverge more,— to suffer no re- 
iraction, — or to diverge less, according as they proceed from a 
point beyond th^ cenUe, from the centre, or between the centre and 
the surface. 

625. Converging rays are made less converging, parallel, or di- 
verging, according to their degree of oonvergency before refrao- 

[When the rays proceed out of a denser into a rarer medium, Uie 
reverse takes place tn each case."} 

626. Double convex, and double concave glasses, or 
lenses, are used in spectacles, to remedy the defects of 
the eye, when by age it becomes too flat, or loses a 
portion of its roundness ; or when by any other cause 

jt assumes too round a form, as in the case of short- 
sighted (or, as they are sometimes called, nearsighted) 
persons. Convex glasses are used when the eye is too 
flat, and concave glasses when it is too round.f 

627. The eye is composed of a number of coats, or 
coverings, within which are enclosed a lens, and certain 
humors, in the shape, and performing the office of con- 
vex lenses. 

*t * '^ "bove eight principles are all the neoeflsary eonieqaence «f the opera- 
tion of the three laws mentioned in nuDil>er68S. The reaion that so many, 
difierent principles are produced, by the operation of those laws, is, that the 
perpendiculars to a convex or concave sur&ce are constantly varying, so that 
DO two are parallel. But in flat surfaces the perpendiculars are parallel } and 
one invariable result is produced by the rays when passing fW)m a rarer to a 
denser, or from a denser to a rarer medium, having a flat surAce. 

t These lenses or glasses are generally numbered by opticians, according te 
their degree of convexity or concavity ; so that by knowing the number that fits 
the eye, the purchaser can generally be accommodated without the trouble of 
trying many glasses. 

621. What of rays conveiiging to a point twyond the eentre of convexity f 
632. What of rays cmiverging to a point nearer the surftoe than the centre of 
convexity i When the rays proceed out of a denser into a rarer medium, what 
occurs f 623. What is stated, in No. 623, with rc^;ard to concave surlhces f - 
624. What is said of diverging rays? 626. What is said of converging rays? 
Of what are the above eight principles the necessary consequence i What is the 
reason that so many diflferent principles are produced by the operation of these 
laws i 626. For what are double convex and concave glasses, or lenses, used 
in spectacles i What glasws are used when the eye is too flat f What an 
need when the eye is too round f 627. Of what is thfi eye composed f 



NATURAL PHILOSOPHY. 



TIm dMerent parts of the eye are : 
1, TTic Cornea. 6. The Vitreous Humor. 



7. The Retina. 

8. The Choroid. 

9. The Sclerotica. 



Fig. 106. 




2. The Iris. 

a The Pupil. 

4. The Aqueous Humor. 

6. The Crystalline Lens. 10. The Optic Nerve. 

€S9. lUuttnUion. Fig. 106 repre- 
sents a front view of the eye, in which 
«« represents the comeai or, as it 
U commonly called, the white of 
the eye ; e « is the Iris, which is of 
different colors in different persons; 
ind we call a person's eye black, 
blue, &c. according to the color of 
the Iris. The Iris has a circular 
opening in the centre, called the pupil, 
p, which contracts in a strong light. 
and expands in a faint light, ana 
thus regulates the quantity which is 
admitted, to the tender parts in the interior of the eye. 

690. Fig. 107 represents a Fig. 107. 

ndft view of the eye, laid 
open, in which b b represents 
toe cornea, e t the Iris, d d the 
pupil, //the aqueous humor, 
Mg ihe crystalline lens, kh 
ute vitreous humor, tttt» the 
Retina, c c the choroid aaaaa 
the sclerotica, and n the optic 
nerve. 

631. The cOTnea fiirras the 
anterior portion of the eye. 
It Is set in the sclerotica in 
the M^aae manner as a crystal 
€f a watch is set in the case. 
Us degree of convexity varies in difierent individuals and in differ- 
oat periods of life. As it covers the pupil and the iris, it protects 
thmn from injury. Its principal office is to cause the light which 
leaches the eye, to convei^ to the axis. Part of the light, however, 
ii reflected by its finely polished surface, and causes the brilliancy 
of the eye. 

633. The Iris is so named from its being of different colors. It is 
a kind ef eiroolar curtain, placed in the front of the eye to regulate 
Uw miantity of li^ht passing to the back part of the eve. It has a 
drcmar opening m the centre, which it involuntarily enlarges or 
diminishes. 

02S. W^c are the different parts of the eye. First f Second .» Thirds 
Vburth > Fifth f Sixth f Seventh f Eighth f Ninth i Tenth i What does 
9||. t06 represent i Explain tlie Fig. What does Fig. 107 represent f Explain 
tlleF^;. What part of the eye does the cornea form ? Is its degree of convex- 
ity the same hi au persons and all periods of life f What is its principal offlce f 
'^^ ~ "^-^ ^--- the Wa take Its name f What is the use of the iris .? 




C33. The pupil !■ merely the opeBing in the irn, thToneh mhitih 
the light puse> to the lens behind. U is slnriTB cireular in the 
hauun ej^e, but in qiudrupedii it is of diSerect aliEpe. When the 
papil iseipBuded to its utmost extent, it is capable of sdraittiog ten 
timMihp nnsntltD nf (lirlii thn,t it does when mort eontrtcled. In 
ue isid to aee in Che dark, the power 

_ B maeh grefttei ; it ie comjiuleJ, that 

their pupils mi; irceife one handled times more light at one time 
than at another. The iieht only, which pusea the papil, can be 
•f use in viaion ; that WTiich falls on the iris is reflected, return* 
through the cornea, and exhibits the color of the iris. 

G34. The aquenus humor is a watery fluid, t as clear as the pnreit 
water. In shape it resembles a meniscus, and, beinf[ ntualed be- 
tween the cornea and the crystalline leus, it assists in collecting 
■ocl transmitting the rayg of light from eiteinal objects to that leni., 

635. The crystalline lens is a transparent body, in the form i£ • 
double convei lens, placed between the aqueous and vitreoua bn- 
mois. I\a ofEce is not only lo collect the rays to a fooiii, om tha 
retina, but also to increase the intensity of the light which is directed 
to the back part of tlie eye. 

636. The vitreous humor (so called ftom its resemblance to melted 
glass,) Is a perfectly trana^rent naan, oecapjin^ the globe of the 
eye. lis ahape is hke « ineiiiKn*, wboM eomvout; giratlf •■«eedi 
the concaiity. 

637. In Figure 108 the shape of rif. 10*. 
(he aqueous and vitreous humors, 

■nd the crystalline lens is pre- 
sented, a is the aqueous humor, 
which is a meniscus, h the cni- 
talline lens, which is a double 
convex lens, and e the vitrcoui q 

humor, which is, also, a meniseus, 
whose concavity has ■ smaller 
radios than its conveitty. 

The retina la the seat of vision 
or sight. The nys of tight being 
refracted in their passage by the 

* WhenapencBaMMslVamadarkplsealniaaibaKliikLihaBni ma»r 
IHtaibseuM, Ilw psr" Mac Bipsndeil^i^ 

■uill is Ikan ssairaoud, and doa 

f Ttie aalbor is twara oTlhs IsntnunF u mis aipraasiim, ddi u Be u wrtiini 
nr lbs iasiDKiisa «f dilUnn, aad aalMUrail persoas, taa dBMDs II ai n sis iT !• 

eas. Whal Is Ola pupil ! Wtiit 1> iu form Id lbs bomso aya t How Bacb 
BDR Ibitit la the paufl capalile nf adnimini, wlieD sipsadad lo iu DIBMM Bi- 
tasl. ikaa wkaa noU coniracied .' What l> lalJ of tkosg aMmria wtlsh art 
■M M ass la <ka dark I Whai llihl, only, la of uh la iWon r WbatbasoiMB 
«r ito Jlahi wklok Mb oa As Iria) (M. Wkai la ikn aqoaous husior i Wkat 
lalufliniir Orwtial aae (• H f BSS. Wbsl la Ibe crraiallina <>•• f Whalls 
ttaoBiisr Bse. WkM H Iheillraoaa hBioor/ Wb)' de hbtsom •omeUnws 
■iparlsDeB palB wkaa paiMnf from a dark ulacelau alKMillflilF WIialM 
Uu abivs « Iks Tllraoaa buBor r Bi^sla Fl|. IM. Wbsl la lbs laUaa r 
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tiher pttii €i Um eye, ere brought to a fboue in the retiiu, where 
aa inrerled image of the object is repieeented. 

638. The ehoroid is the inner coat or covering of the eye. Its 
outer and inner •orface is covered with a substance called the pig' 
maUum nimtm, (or black painty Its office is, apparently, to absorb 
the lavs of lij^ht immediately aiter they have fallen on Uie retina. 
Jt is the opinion of some philosophers, that it is the choroid and not 
the retina, which conveys the sensation produced by rays of light 
to the brain. 

C39. The sclerotica is the outer coat of the eye. It derives its 
name from its hardness. Its office is to preserve the globular figure 
of the eye, and defend its more delicate internal structure. To the 
aclerotica 'are attached the muscles which move the eye. It re« 
eeives the cornea, which is inserted in it somewhat liae a watch 
glass in its case. It is pierced by the optic nerve, which, passing 
tnrough it, expands over the inner surface of the choroid, and thus 
forms the retina. 

640. The optic nerve is the organ which carries the impressions 
made by the rays of light, (whether by the medium of the retina, or 
the choroid,) to the brain, and thus produces the sensation of sight.* 

641. The eje is a natural camera obacura^ and the 
images of all objects seen by the eye are represented 
on the retina, in the same manner as the forms of ex- 
ternal objects are delineated in that instrument. (See 
JVb. 651, note,) 

642. Fig. 109 represents only those parts of the eye which are 
most essential. The image is formed thus. The rays from the 



Flf.IOO. 




object e d, diverging toward the eye, enter the cornea c, and crow 



• For tfte above description of the eye and its parts, the author is mainly 
Indebted to Paxton*s Introduction to the Study of Anatomy, edited by Dr. 
iewUt of this dty. 

638. What is the choroid ? By what is its outw and inner snrfhce eovered ? 
What is its office f What is the opinion OF some philosophers with regard t« 
the dioroid f 689. What is the sclerotica f From what does It derive its name f 
What is its office f What are attached to the sclerotica I 640. What is the 
•plie aerre { 641. What Is stated, in No. 641, with regard to the representa- 
tions on the retina of the images of all objects seen by the eye f 643. Bxplaia 
V if . aQB. 



OPTICS. 127 

one another in their paMsge, through the crystalline leaf d, by 
which they are made to converge on the retina, where they form 
the inverted * image, / e. 

643. The convexity of the crystalUne humor is increased or 
diminished by means of two muscles, to which it is attached. By 
this means the focus of the rays which pass through it, constantly 
fiills on the retina ; and an equally distinct image is formed, bota 
of distant objects and those which are near. 

644. A single microscope consists simply of a convex 
lens, commonly cidled a magnifying glass ; in the focus 
of which the object is placed, and through which it is 
viewed. -^ 

G45. By means of a micrOscope the rays of light from an object 
are caused to diverge less ; so that when they enter the pupil of the 
eye, thev fall parallel on the crystalline lens, by which they are 
refracted to a focus on the retina. 

G46. Fig. 110 represents a convex lens, or single microscope, C P. 
The diverging rays from the object A B are re&acted in their pas- 
Fig. 110. 




sage through the lens C P, (See second law of Dioptres under Ab. 
593,) and made to fall parallel on the crystalline lens, by which 
they are refracted to a focus on the retina R R ; and the image is 
thus magnified, because the divergent rays are collected by the 
lens and carried to the retina. 

* Althongh the InmfB ia inverted on llie retina, we see ol^eeca ereety became 
all the iaiages, Ibrmed on the retina have the aame relative position which the 
olitfects themselves have ; and as the rays all cross each olher, the eye is directed 
vpwards, to receive the rays which proceed flrom the upper part of an object, 
and downwards, to receive those whidi pniceeil firom the lower part. 

A distinct image is also formed on the retina ot* each eye { J>nt as the optic 
nerves of the two eyes unite, or cross each other liefore they reach the brain, 
die Impressions received by the two nerves are united, so that only one idea is 
excited, and otjects are seen single. Although an object may be distinctly seen 
with only one eye, it has been calculated that the use of both, eyes makes a 
diflbrence of about one twelfth. From the description now given of the eye, It 

Note. Why do the objects appear erect when the images are inverted ? Why 
do we see only one image, when an image is formed on both eyes f 643. By 
what Is the convexity of the crystalline humor increased or diminished f What 
is eflbcted by this means f 644. What is a single microscope? 645. What is 
the use of this microscope f 646. What figure repre:ient8 a microscope f Ex- 
plain the flgore i 
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617. Those lenses or microscopes which have the shorteist focus, 
have the greatest aagnifyiag power; and those which are the most 
balfiog or convex, have the shortest focus. Lenses are made small 
because a reduction in si2e is necessary to an increase of curvature. 

648. A double microscope consists of two convex 
lenses, by one of which a magnified image is formed, 
and by the other this image is carried to the retina of 
the eye. 

649. Fig. Ill represents the effect produced by the lenses of a 
double microscope. The ravs which diverge from the object A B 
are collected by the lens L M, (called the object glass, because it is 
nearest to the object,) and form an inverted magnified image at C D. 




The rays which diverge from this ima^ are collected by the lens, 
N O, (called the eye glass, because it is nearest to the «ye,) which 
acts on the principle of the single microscope, and forms a still 
more magnified image on the retina R R. 

650. The solar microscope, is a microscope with a 

may lie seen wliat are the defects which are remedied by the nee of concsTe 
and cenvex leasee \ and how the nae of these lenses remedies them. When 
the eryetalline humor of the eye is too round, the rays of tight, whieh «M«r the 
eye, are converged to a focus b^ore they reach the retina, and, thereforSf th^ 
image will not be distinct } and when the crystalline humor is too ^a<, (as is 
often the cane with old persons,) the rays Will not be converged on the retina, 
but tend to a poiat beyond 4t. A eoa^«x glass, by assisting the cimvergency 
of the crystalline Imis, brings the rays to a fbcus on the lettea, and proauoes 
distinct vision. 

The eye 4s also snbiect le imperfection by reason of the humors losing their 
transparency, either by age or disease. For these imperfections no glasses oflbr 
a reinedy without the aid of surgical akiU. The operation of couching and 
removing cataracts Arom the eye consists in making a puncture or incision 
through which the diseased part may escape. Its office is then supplied by a 
lens. If; however, 4he operator, by accident or want of skill, permit the vitre- 
ous humor te escape, the globe of the eye immediately diminishes in slae, and 
total bUadness is the inevitable result. 

• 

Note, What are the defects which are remedied by the use of concave and 
convex lenses ? In what other way is the eye subject to imperfection ? Is 
there any remedy for this f 647. What lenses have the greatest magnifying 
power ? What lenses have the shortest fbcus ? 648. Of what does a double 
microscope consist? Whut^s the nse of these two lenses ? .649. What does 
Pif. lU represent f Explain the flgura. 650. What is the solar microscope? 
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mirror attached to it, upon a movable joint, which can 
be so adjusted as to receive the sun's rays and reflect 
them upon the object. It consists of a tube, a mirror 
or looking glass, and two convex lenses. The sun's 
rays are reflected by the mirror through the tube upon 
the object ; the image of which is thrown upon a white 
screen, placed at a distance to receive it, 

651. The microscope, as above described, is used for viewing 
transparent objects only. When opaque objects are to be viewed, 
a mirror is used to reflect the Hffht on the side of the object ; the 
image is then formed by li^ht reflected from the object, instead of 
being transmitted through it. 

652. The magnifying power of a single microscope is ascertained 
by dividing the least distance, at which an object can be distinctly 
seen by the naked eye, by the, focal distance of the lens. This, in 
common eyes, is about 7 inches. Thus, if the focal distance of a 
lens be only the \ of an inch, then the dianJMUir of an object will 
be maffuified 28 times, (because 7, divided by ^, is the same as 
multiplying 7 by 4,) and the surfojce will be magnified 764 times. 

653. The magnifying power of the compound microscope is 
found in a similar manner, by ascertaining tne magnifying power 
first of one lens, and then of the other. 

654. The magnifying power of the solar microscope is in propor- 
tion as the distance of the image, ^m the object glass, is greater 
than that of the object itself from it. Thus, it the distance of the 
object from the object glass be ^ of an inch, and the distance of 
the iraa^, or picture, on the screen, be ten feet, or 120 inches, the 
object wiU be magnified in length 4^ times, or, in surface, 230,000 
times.* 

655. The magic lantern is an instrument constructed 
on the principle of the solar microscope, but the light 
is supplied by a lamp instead of the sun. 

666. The objects to be viewed by the ma^c lantern are generally 
painted with transparent colors, on glass slides, which are received 
mto an opening in the front of the lantern. The liffhtfrom the lamp, 
in the lantern, passes through them, and carries the pictures, paint- 
ed on the slides, through the lenses, by means of which a magnified 

* A lens may be cauaed to magnify or to diminiah an d>Ject. If the ol^ect be 
placed at a diatance flrom the fbcna of a lens, and the image be formed in or near 
the IbGoa, the image will be diminiahed ; bat if the object be placed near the 
Ibcna, the image will be magniiled. 

Of what doea it comist ? By what, in this microscope, are the son's rays re 
fleeted, and upon what f 661. For yiewing what oli||ects, only, is the miscro. 
•cope, above described, used f How do those microscopes uned for viewing 
opaque objects, diflffer ft'om these ? How is the image then formed ? 652. How 
ia the magnifying power of a aingle microscope ascertained ? Illustrate this. 
683. How is the magnifying power of the compound microscope ascertained i 
664. In what proportion is the magnifying power of the solar microscope I Vi 
Instrate this. Note. How may a lens be made to magnify or diminish an oh* 
Jeet f 666. What is the magic lantern ? 



NATURAL PRILOSOPIIT. 



bmfB ii tknwB upon Iha mil, on ■ whits miftoe [vqiand to 

667. ITig. 119 leprawnU tlu miipe lutem. The nje of light 

fiom the iunp an noeiTed apon the oohoatc minora, uidieflected 

ni.iu. 



to the cuDTex leu e, which ia called Iha eondenung leiu,bee>iMe it 

._. 1 .z._ _i-i:_i. — jj ^jij object punted onth« 

"* ninated object at i, ue 



portion to th 

658. A telescope is aa instrumeDt for viewing distant 
objects. 

659. There are two kinds of telescopes, namely, the 
refracting telescope and the reflecting telescope. 

660. A refracting telescope is one in which the object 
itself is viewed, through the medium of a number of 
lenses. 

661. A reflecting telescope is one in which the image 
of the object is reflected from a concave mirror, within 
the tube of the telescope, and viewed through a number 
of lenses. * 
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day stsM.* In the fetmeri or mgjhi glaM, there are but two len>M 
or gfisses/but the object is viewed in an inverted position. Aathe 
l^aas is used principally for viewing the heavenly bodies, the inver- 
rion of the ima^ produoea no inconvenience. In the latter, or day 
glass, two additional lensea are introduced to give the image its 
nataral position. 

663. Fig. 113 represents a night glass, or astronomical telescope. 
It consists of a tube, A B C D, containing two glasses, or lenses.. 
The lens, A B, having a longer focus, forms the object glass ; the 
other lens, D C^is the eye glass. The rays from a very distant body, 

Fig. 11& 

M 




N 

as a star, and which may be considered parallel to each other, are 
refracted by the object glass A B to a focus at K. The image is then 
seen through the eye glass D C, magnified as many times as the 
focal length of the eye glass is contained in the focal length of the 
object glai »"t •"• -• <• • • -. « - . -^ « . 

contained 




tige is inverted ; for the ray M A, after refraction, will be seen in 
the direction C O^ and the ray N B, in the direction D P. 

664. Fiff. 114 represents a "day glass, or terrestrial telescope, com* 
monly called a spy glass. This, likewise, consists of a tube, A B 
H G, oontalning four lessee, or glasses, namely, A B, C D, E F, 
and G H. The lens A B is the object glass, and 6 H, the eye glass. 
The two additional eye glasses, £ F aD4 C D, are of the same size 



Fig. 114. 




and shape, and placed at equal distances firom each other, in such a 
maniter that the focus of the one meets that of the next lens. 
These two eye glasses, £. F and C D, are introduced for the purpose 
of collecting the ra^s proceeding from the inverted ima^ M N, 
into a new upright image, between G H and £ F, and the image is 



*Soms glasses or telescopes are marked ** Night and Day.** These hare foor 
^asaea, two of which can be lemoTed when the hearenly bodies are viewed. 

What are they f How do thev diflfor the one from the other i 663. 
What does flgnce lia represent f Explain the flgore. 664. What does flgtirt 
114 represent t Explain the dgore.. 
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then Men throogh the last eye glass G H, ander the ongle of vision, 
POQ. 

665. Fig. 1 15 represents a reflecting telescope. This consists also 
of a l&rg^ tube, containing two ooncave metallic mirrors, {See nujn- 
ier 567,) A B and C, with two plano-convex eye glasses. The 

A Fig. lis. 




mirrors are placed at a little more than the sum of their focal dis- 
tance from each other. The parallel rajs r r, coming from a distant 
object, are reflected to a focus g, by the concave mirror, A B, and 
thus form an inverted image at g ; the diverging rajs proceeding 
from this image are again reflected bj the small mirror C, and re- 
ceived bj the eye glass F, through an aperture in the middle of the 
mirror A B. The eye glass F collects these reflected rays into a 
new image, at I, and this image is seen magnified through the 
second eye glass, G. 

666. In reflecting telescopes, mirrors are used to bring the image 
near the eye, and a lens, or eye glass, to magnify the image. 

The advantage of reflecting telescopes is, that they possess 
greater magnifying power, and do not decompose the light. 

667. That part of the science of optics which relates 
to colors is called Chromatics. 

668. Colors do not exist in the bodies themselves, but are caused 
by the peculiar manner in which the light is reflected from their 
surfaces. [See Ko. 23.] 

669. Light is composed of rays of different colors, 
which may be separated by a prism. * 

670. A prism is a solid triangular, or three-sided 
piece of highly polished glass, generally six or eight 
mches long, t USfee Fig, 116.] 

* This discoTery was made by Sir Isaac Newton. 

t A prism may be made of tbree pieces of plate glass, about six or eight iiich> 
es long, and two or three broad, Joined together at their edges, and made water- 
ti^t by patty. The ends may be flited to a triangular piece of wood, in one of 
wnich an aperture is made by which to fill it with water, and tfios to giye it the 
appearance and the refiractiye power of a solid prism. 



665. What does figure 115 represent > Explain the figure. 666. Why are 
mirrors used in reflecting telescopes ? What is the use of the lens ? What is 
the adyantage of the rdlecting telescope ? 667. What is chromatics ? 668. 
What causes color f 668. Of what is light composed i How can these rays 
be separated f Nnte. By whom was this discovery made ? 670. What is a 
nrlsm? Note, How may a prism be made ? 
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671. The colors which enter into (he composition i>f 
light are aevea, • namely, red, orange, yellow, green, 
blue, indigo, and violet. Each of these hare difTerent 
degrees of refrangibility. f 

6T2. When light is made to pass through a prism, the 
different colored rays arc aeparaled, and form an image 
on a screen or wall, in which the colora will be arranged 
in the order in which they are enumerated in No. 611. 

673. Ill-aitralion. Fig. IIC represenU rajs ofliehL passing from 
the aperture, in a window-shutler, A B, Ihrough the prinm IT Id- 
• atead of continumg in a straight course to K, aimI lliere farming an 
image, they will be refiacted, in their paasags through the pnam, 
and form an image on the screen. C D. But at the (fiflerenl color- 
ed nj» have difierenl decrees of refraogibilitj, (5es Jfo. bM,) or, 
in other words, auSer di^cent degree! of refraction, those whicb 




wh>inll(bll>Biailelapa>Ihn>uffliB)iri>inf 613. £iplain Ainrs lie. Wh; do 
Ibe ref rail (ill an Ibe ]oir»t pan of Ihe Kreeo > JToIe. Wlmt l>iiini>ineil 
with renrd In the red nyt f WliaL «l(h refard id the blue, ladlgn, and violet 
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074. If the colored rays, which have been ■eparated by a prism, 
fall upon a convex lens, they will converge to a focus, and appear 
white. HencC; it appears, that white is not a simple color, but is 
produced by the union of several colors. 

675. The spectrum, formed by a glass prism, being divided into 
360 parts, it is found, that the red occupies 45 of those parts, the 
orange 27, the yellow 48, the green 60, the blue 60, the indigo 40, 
and tlie violet oO. By mixing the seven primitive colors in these 
proportions, a white is obtained ; but, on account of the impurity 
of all colors, it will be of a dinsj hue. If the colors were more 
clearly and accurately defined, &e white, thus obtained, would ap- 
pear more pure also. An experiment to prove what has just been 
said may be thus performed. Take a circular piece of board, or 
card, and divide it into parts, by lines drawn from the centre to the 
circumference. Then, having painted the seven colors in the pro- 
portions above named, cause the board to revolve rapidly around a 
pin or wire at the centre. The board will then appear of a white 
color. From this, it is inferred, that the whiteness of the sun's light 
arises from a due mixture of all the primary colors. 

676. The colors of all bodies are either the simple colors, as re- 
dacted by the prism, or such compound colors as arise from a mix- 
ture of two or more of them.* 

677. The rainbow is produced by tbe refraction of 
the sun's rays in their passage through a shower of rain; 
each drop of which acts as a prism in separating the 
colored rays, as they pass through it. 

678. This is proved by the following considerations. First^ A 
rainbow is never seen except when rain is falling, and the sun shin- 
ing at the same time ; and that the sun and the bow are always in 
opposite parts of the heavens; 6,nd, secondly j that the same appear- 
ance may be produced artificially, by means of water thrown into 
the air, when the spectator is placed in a proper position, with his 
ba6k to the sun ; and, thirdly ^ that a similar bow is generally pro- 
duced by the spray which arises from large cataracts, or waterfalls, 
such, for instance, as the Falls of Niagara. 

679. The color of all bodies depends upon the rays 
which they reflect. 

the other rays, and they are, therefore, reflected baeli to our eyes by the atmos- 
phere. If the atmosphere did not reflect any rays the skies would appear per- 
fectly black. HF 1 

* From the experiments of Dr. Wollaston, it appears that the seven colors 
(brmed by the prism, may be reduced to four, namely, red, green, blue, and 
violet ; and that the other colors are produced by combinations of these. (See 
note to No, en,) 

What would be the appearance of the sky if the atmosphere did not reflect 
any rays ? 674. Is white a simple color ? How is it produced ? 675. The spec- 
trum formed by a prism, being divided into 360 parts, how many of these parts 
does the red occupy f The orange P The yellow ? The green f The blue f 
The indigo f Tho violet f 676. What are the colors of all bodies f Note. 
What appears ft>om the experiments of Dr. Wollaston? 677. How is the rain- 
bow produced f 678. How is this proved ? First f Second ? Third ? 679. 
Ppon what does the color of all bodies depend ? 
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G80. Some bodies absorb all the rays which tfaev receive except 
the red rays. These bodies, therefore, appear of a red color, — 
some reflect the green, and absorb all the others, — these will ap> 
pear of a green color ; and, in general, bodies appear of the color 
of those rays which they reflect, while they absorb all the other 
rays. Sometimes a body reflects a portion of the rays of several 
colors. The body will then appear of a compound color, composed 
of the various colors which it reflects. When a body reflects all 
the rays, it appears tchite, — when it absorbs all the rays, it appears 
Hack. White, then, is a mixture of all the primitive colors, and 
black is the deprivation of all color. 

681. From what has now been said, it appears, that no body has a 
permanent or intrinsic color of its own, — but that color, as well as 
weight, ore accidental^ and not essential properties. (Ste J^o. 23, 
page 7.) All substances appear of the same color, or rather, more 
properly speaking, are deprived of all color, in the daxk. Light, 
from whatever source it proceeds, is of the same nature, composed 
of the various colored rays ; and although some substances appear 
difi*erent]y by candle-li^h*t,from what they appear by day, this result 
may be supposed to arise from the weakness or want of purity in 
artificial light. 

682. There can be no light without colors, and there can be no 
colors without light. 

683. That the above remarks, in relation to the colors of bodies, 
are true, may be proved by the following simple experiment. Place 
a colored body in a dark room, in a ray of liffhtthat has been refrac- 
ted by a prism; the body, of whatever color it naturally is, will 
appear of the color of the ray in which it is placed ; for, since it 
receives no other colored rays, it can reflect no others. * 

684. A multiplying glass is a convex lens, one side 
of which is ground down into several flat surfaces. 

* Although bodies, from the Rrrangement or their particles, have a tendency 
to absorb some rays, and reflect others, they are not so uniform in their arran^e- 
raent as Co reflect only pure rays of on6 color, and perfectly absorb all fthers ; 
it is found, on the contrary, that a liody reflects, in great abundance, the rays 
which determine its color, and the others, In a greater or less degree, in propor- 
tion as they are nearer or further firom Its color, in the order of refrangibility. 
Thus, the green leaves of a rose will reflect a fbw of the red rays, which wfll 
give them a brown tinge. Deepness, or darlcness cf color, proceeds from a defi- 
ciency rather than from an abundance of reflected rays. Thus,'' if a body reflect 
only a few of the green rays, it will appear of a dark green. The brightness 
and intensity of a color shows that a great quantity of rays are reflected. That 
bodies sometimes change their color, is owing to some chemical change, which 
iaken place in the iniernal arrangement of their parts, whereby they Iorc their 
tendency to reflect certain eolors, and acquire the power of reflecting others. 

680. Of what color do bodies generally appear f When will a body appear 
of a compound color f Of what color will a body appear that reflects all the 
raysf When will a body appear black i 681. Is color an essential property 
of a body .' Of what color do bodies appear In the dark i Why do some bodies 
appear differently by caudlc-Iight f 682. What is necessary to produce color ? 
What experiments are related to prove the truth of the above i Note. What 
rays does a body reflect in the greatest abundance f In what projiortion does It 
reflect the other rays i Why do the green leaves of a rose appear to have a brown 
tinge i What does the brightness and intensity of a color show f Why do some 
sodles change their color ? 684. What is a multiplying glass f 
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685. When an object is Tiewed through a multiplyiug glass, it 
will be multiplied as many times as there are flat surfaces on Uie 
leas. Thus, if one lighted candle be viewed through a lens, having 
twelve flat surfaces, twelve candies will be seen Uirou^h the lens. 
The principle of the multiplying glass' is the same with that of a 
convex or concave lens. 

686. The Kaleidescope * consists of two reflecting 
surfaces, or pieces of looking-glass, inclined to each- 
other at an angle of 60 degrees, and placed between the 
eye and the objects intended to form the picture. 

687. The two plates are enclosed in a tin or paper tube, and the 
objects, consisting of pieces of colored ^lass, beads, or other highly 
colored fragments, are loosely Confined between two circalar pieces 
of common glass, the outer one of which is slightly ground, to 
make the light uniform. On looking down tBetube through a small 
aperture, and where the ends of the glass plates nearly meet, a 
beautiful figure will be seen, having six angles, the reflectors being 
inclined the sixth part of a circle. If inclined the twelfth part, or 
twentieth part of a circle, twelve or twenty angles will be seen. 
By turning the tube so as to alter the position or the colored frag- 
ments within, these beautiful forms will be changed ; by which an 
almost infinite variety of patterns may be produced. 
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688. The word Electricity! is a term used by philos- 
ophers to signify the operations of a very subtile and 
elastic fluid, which pervades the material world. Elec- 

* The word Kaleidescope is derived from the Greek language, and meanit, 
*<The sight of a beautiful form." The instrumeut was invented by Dr. Brew 
ster, of Edinburgh, a few years ago. 

t This word is derived from a Greek word, which signifies amber, because this 
substance was supposed to possess, in a remarkable degree, the property of pro- 
ducing the fluid, when excited or rubbed. The property itself was first discov- 
ered by Thales, of Miletus, one of the seven wise men of Greece. The word is 
now used to express both the fluid itself, and the science which treats of it. 

T\m nature of electricity is entirely unknown. Some philosophers consider 

685. How many times will an object, viewed through a multiplying glass, be 
multiplied ? What is the principle of the multiplying glass f 686. Of what 
does the kaleidescope consist r Ifote. From what is the word kaleidescope de- 
rived, and what does it mean .'* By whom was the instrument invented ? 687. 
What is here said with regard to the kaleidescope i 688. What is electricity i 
What is stated in the note with regard to the word electricity f By whom was 
Uiis property first discovered I 
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Uicity can be seen only in its effects; which are exhibited 

in the form of attraction and repulsion. 

689. If a piece of amber, or sealing-wax, or a piece of smooth glass, 
perfectly clean and dry, be briskly rubbed with a dry woollen cloth, 
and immediately aflerwards be held oyer small and light bodies, 
such as pieces of paper, thread, cork, straw, feathers, or fragments 
of ffold leaf, strewed upon a table, these bodies will be attracted, 
ana fly towards the surface that has been rubbed, and adhere to it 
for a certain time The surfaces that have acquired this power of 
attraction are said to be excited ; and the substances thus suscepti- 
ble of being excited axe called electrics, while those which cannot 
be excited in a similar manner are called non-electrics, 

690. The science of electricity, therefore, divides all 
substances into two kinds ; namely, Electrics, or those 
substances which can be excited, and JVon-elecincs, or 
those substances which cannot be excited. 

691. The electric fluid is readily communicated from 

one substance to another. Some substances, however, 

will not allow it to pass through them, while others give 

it a free passage. Those substances, through which it 

passes without obstruction, are called cotiductors ; while 

those through which it cannot readily pass are called 

non-conduciors ; and it is found, by experiment, that all 

elechics are non-conductors, and all non-electrics are good 

conductors of electricity. 

(jdii. The following substanees are eleetrics, or non-conductors of 
electricity ; namely, 

Atmospheric air, (when dry,) Feathers, 

Glass, Amber, 

it a ilaid ; others consider it as two fluids of opposite qualities ; and others ngt&a 
<}cny its materiality, and deem it, like attraction, a mere property of matter. In 
this volume the opinion of Dr. Franklin U adopted, who stipposed it to be- a 
sinsrle fluid, disposed to diffuse itself equally among all substances ; and exhibit- 
ing its peculiar efTects only when a body by any means becomes possessed of 
more or less than its proper share. That when any substance has more than its 
natural share, it is said to be po.n<ti/'e/y electrifled, and that when it has less than 
As nalDral share, it is said to be ne/folively electrified, — that positive electri- 
city implies a redundancy, and negative electricity a deficiency of the fluid. 

Noie. What is stated with r^ard to the nature of electricity ? Whose and 
what opinion is adopted in this volume ? When is a substance said to be posi- 
tively electrified i When is it said to be negatively electrified f What does i)08i- 
tive electricity imply i What does negative electricity imply ? How can elec* 
tricity be seen ? 689. IIow are these effects exhibited f What illustration of 
this Is given ? What is said of the surfaces which have acquired the power of 
attraction f What are electrics f What are non-electrics f 690. Into how 
many kinds does the science of electricity divide all substances ? What toe they? 

691. What is said with regard to the communication of the electric flujd from 
one substance to another f Will all substances allow it to paiis through them f 
What biidies are called conductors f What bodies are called non-conductors { 
What has been found, by experiment, with regard to electrics and nonrelectrica f 

692. What substances are electrics or non-condtiotors ? 

12* 
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IHsmond, Sulphur, 

All prtciout stimei, Silk, 

AU gums and resins. Wool, 

The oxides of all melali, Hair, 

Bees-wai , I''P"'i 

8ealing-wat, Coltnn. 
All these subsUnoei mnst he dry, or they will become n 

693. The foilowing subBtanoes nre oon-electricB, or com 
of eleetrieilj ; nsmely, 

All metals, Living inimals, 

Chanoal, Vspor, or slenni 

694. The rollowing are imperfect conductora, (that 
duct Ihe eleclric fiaid, but not m rewlilj ar "■" — >-' 
ineDlioiied,) namely, 

Water, Common wood, 

Green Trsetablei, Dead animala, 

Dsmp air, Bnne, 

Wet wood, Horn, &c. 
All Hubitancea contatoing oiaifltare, 

695. Whea a conductor, that ia, a substance which 
can conduct electricity, is on all sides surrounded hy 
non-cooducting substances, it is said to be imulated. 

696. At glaea ia a non-condacting aubstance, any couductinff 
■ubalance surrounded with k'^bb, oi atuidlng on a table or stool, 
with glaBB legs, will be instdtUcd, 

697. As the air is a noa-conductor, when dry, a snbBlance which 
tests on my non conducting Bubstince will be insulated, unless it 
oommnnicate with the ground, the floor, a table, &c. 

608. When a communicatiott is made between a 
conductor and an excited surface, (Set JVo. 689,) the 
electricity froin the excited surface is immediately con- 
veyed by the conductor to the ground ; * but if the con- 
ductor be insulated, its whole surface will become elec- 
trified, and it is said to be charged. 

• Tbe orlh ms; hs coniidsred u Ihe prlnolpal reservoir of elecinciiy ; ai 
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699. The principal mode of exciting electricity is foy 
friction. 

700. Thus, if a thick cylinder of sealing-wax, or sulphur, or a 

Slass tabe * be rubbed with a silk handkerchief a piece of clean 
annel, or the fur of a quadruped, the electric fluid will be excited 
and may be communicated to other substances, from the electric 
thus excited. The electricity excited in jrlass is called the vitreous 
or positive electricity ; and that obtained from sealing-wax, or other 
resinous substances, is called resinous or negative electricity. 

701. The vitreous and resinous, or, in other words, 
the positive and negative electricities, always accompa- 
ny each other ; for if any surface become positive, the 
surface with which it is rubbed will become negative ; 
and if any surface be made positive, the nearest con- 
ducting surface will become negative. And if positive 
electricity be communicated to one side of an electric, 
(as a pane> of glass, or a glass phial,) the opposite side 
will become negatively electrified, and the plate or the 
glass is then said to be charged. 

702. When one side of a metallic, or other conductor, receives the 
electric fluid, its whole surface is instantly pervaded : but when an 
electric is presented to an electrified body, it becomes electrified in 
a small spot only. 

703 When two surfaces oppositely electrified are united, their 

Cowers are destroyed ; and if their union be made through the 
uman body, it produces an afiection of the nerves, called an elec- 
tric shock^ 

704. The Leyden jar is a glass vessel used for the 

floor being connected with the earth by conducting substances, such as the 
timbers, dtc, which support the building, the electricity will finally pass oflT by 
a regular succession or conducting substances, Troin tlie excited surface to the 
earth. But if the chain of conducting substances be interrupted. — that is, if 
any non-conducrfng substance occur l>etween the excited snrface and the course 
which the fluid takes in its progress to the earth, the conducting substances will 
be insulated, and become charged with electricity. Thus, if an excited snrfhce 
he connected by a long ch»in to a inetHlIic tube, and the metallic tube be held 
by a person wlio Is standing on a stool with glass legs, or on a cake of sealing- 
wax, resin, or any other non-conducting substance, the electricity cannot pass 
to the ground, anil the person, the chain and the tube will all become electrified. 
* Whatever sub.stnnce is used, it must be perfectly dry. If, therefore, a glass 
tube be used, it should previously be held to the fire, and gently warmed, tn 
order to remove all moisture f^om Its surface. 

Note. What follows if this chain of condurtin<; sub^tnnres he interrupted ? 
699. What is the principal mode of exciting electricity f 700. What illustration 
of this is given ? What is the electricity excited in glass called ? What is that 
obtained from resinous substances called ? 701. What is stated In No. 701 with 
regard to positive and negative electricity f 702. What follows when one side 
of a metallic, or other conductor, receives the electric fluid f What follows 
when an electric is presented to an electrified body ? 703. What follows when 
two snrfkces, oppositely electrified, are united f 704. For what Is the Leyden 
Jar used I 
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purpoce of accumulatiog the electric fluid, procured 
froin excited surraces. 

705. Fig. 117 repreienla a Leyden jar. It is « p]r. IIT. 

glue vvsacl, or phinl, caatEd both nn tne inside and 
Kte outside with tin foil. It is provided wilb a cork 
or wooden atopper tbroucli which a metallic rod 
pawea, terniiiialinp- in a brasi knob or ball at the 
tap, and connected by mcnng of a wire, at the other 
end, with the inaide coaling of Uie jar. The coal- 
ing extends both on tJie inside and outside only to 
wilhin two or three inches of the lop, or the slop- 
per. Thun prepared, when an excited surface is 
applied to the braaa knob, or connected with it by 
tneans ofa chain or any conducting surface, it parts 
with its electricity, and the fluid enters the jar, 
which ia then naicf to be charged. 

When the Leaden jar is charged, the fluid is 
oontained in the inside coating at the phial; and as 
this coating is inaiilated, Ih.- fluid will remain in 
the jar until a comniunicaUon be made by means of 

the outside of the jar. If then a person apply one hand or flnger 
to the brass knob, and the other to the outside coating of the j^ir, 
a communication will be formed by means of the brass knob with 
the innde and outside of the jar, and the jar will be discharged. A 
phial or jar that is insulated cannot be charged, 

706. An electrical battery is compoaed of a number 
of Leydenjars connected together. 

707. The inner coatings of (he jars are connected together by 
chains or metallic bars attached to the brass knobs of each jar ; and 
tbe outer coatings have a umilar connexion eslabUshed by placing 
the phiala on a sheet of tin foil. The wboln battery may then be 
charged tike a single phial, or jar. For the sake of convenience in 
discharging the battery, a knob, connected with the tin foil on 
which the jars stand, projects from the bottom of the boi which 

708.' Thejninled discharger is an instrLiment used to 
discharge ajar, or battery. 

709. lilmtratum. Fig. 118 represents the jointed discharger. It 
consists of two rods, generally of brass, terminating at one end in 
bross balls.and connected together at the other end by a joint, like 
that of a pair of longs, allowing Vbem to be opened or closed. It 
is furnished with a glass handle, to seeure the person who holds it 
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from the effects of a shock. When , FIf. lit, 

opened one of the balls is made to 
touch the outside coating of the 
jar, or the knob connected with the 
Dottom of the battery, and the other 
is quicklj applied to the knob of 
the jar, or jars. A communication 
being thus formed, between the 
inside and the outside of the jar, a 
discharge of the fluid will be pro- 
duced. 

710. When a charge of electricity is to be sent through any par- 
ticular substance, the substance must form a part of the circuit cf 
the electricity^ as it is termed ; that is, it must be placed in such a 
manner that the fluid cannot pass from the inside to the outside 
surface of the jar, or battery, without passing through the substance 
in its passase. 

711. If tne balls be removed from the jointed discharger, and the 
two rods terminate in sharp points, the electricity will pass off 
silently jind pro4uce but little eflfect. 

712. Metallic rods, with sharp points, silently attract 
the electric fluid. 

713. A Leyden jar, or a battery, may be silently discharged by 
holding the finest needle in the hand towards the knob. It is on 
this principle that lightning-rods are constructed. The electric 
fluid is silently drawn from the cloud by the sharp points on the 
rods, and is thus prevented from suddenly exploding on high build* 
ings. 

714. Electricity, of one kind or the other, is generally induced 
in surrounding bodies by the vicinity of a highly-excited electric. 
This mode oFcommunicating electiicity by approachj is styled tn- 
duction. 

715. Any body, on approaching another body, powerfully electri- 
fied, will be thrown into a contrary state of electricity. Thus, a 
feather, brought near to a glcL3s tube excited by friction, is attracted 
by it ; and, therefore, previously to its touching the tube, negative 
electricity must have been induced in it. On the contrary, if a 
leather be brought near to excited sealing -toax, it will be attracted^ 
and, consequently, positive electricity must have been induced in 
it before contact. 

716. When electricity is communicated fl-om one body to another 
in contact with it, it is called electricity by traensfer, 

717. The electrical machine is a machine construct- 
ed for the purpose of accumulating or collecting elec- 
tricity, and transferring it to other substances. 

710. WhRt is neceraary when a charge of electricity is to be sent through any 
particular substance ? 711. How can the electricity be made to pass oflTsilent- 
Iv ? 712. Ill what way do metallic rods, with sharp points, attract the electric 
fluid ? 713. U[ion what principle are lightuing-rods constructed ? 714 When 
fa electricity said to be communicated by induction f 716. When by transfer f 
717. For what purpoae ia the electrical machine constructed i 
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918. Eleotrical mkchines ire made in ruioni fonaa, but >]t on 
Ihe unie priaciple, namelj, the atlnction of metallic points. Tba 
electricity ii excited by the frietioii of silk on ■ glua lurfoce, 
uaiileil bj a mixture or pieparation ctllrd >D Bmalgam.* The 
glua aurfkce in made either in the form or ■ cylinder or ■ circular 
plite.snd the machine itielf is called a Gflinder or a plate machine, 
Bccoiding aa it ia made with a cylinder or a. plate. I 

71!). ng. 119 repreaenta a plate electrical machine. A D is tbc I 

stand of the machine, L L L L ai« the four glua lega, or poats [ 

nhich Bopport and inaulale the part* of the macbine. F is tbe 

which the electricity ia excited, and H ia the handle by wlilch the i 

pbte (or cvlindei) ia turned. R is a leather cuahlon, or rubber, held { 

cloaely to both sides of the gUas plate by a braaa clasp, supported by 
the poal GL, which ta called the rubber post S ia a silk bag,) em- 
braced by the same clasp that holds the leather cushion or rubber ; 
and it ia connected by strings SiJ8 attached to its three other comers. 



to tbe legs L L and the fork F of the prime conductor. C is the 

Sdme conductor, terminating at one end with a movable brass ball, 
, and at the other by tlie fork F, which has one prong on Citcii 



I The electrical manlilne ileKilbed In Ft(. lift H a plate macbina, and aa 
uscl repreMiiuiion or me one iHlDBgIng id >- Tbe OMIon Hckdol Sel." For one 
■ orita ilie, UlBanrnchlneor lery (Tnt poY«f,aiiif, logellier willi ibo oihsr 



Kirlcily may be obuiiwil ft-on li 
t la cyllDdrlciJ nuuiOIUH Ihli ill 



. bat ii eitled "tlujiap." 
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side of the glass plate. On each prong of Uie fork there are several 
sharp points projecting towards the plate, to collect the electricity 
(See No. 712) as it is generated by the friction of the plate against 
the rubber. V is a chaia, or wire, attached to the brass ball on the 
rubber post, and resting on the table or the floor, designed to con* 
vey the fluid from the ground to tlie plate. When negative elec- 
-iricity is to be obtained, this chain is removed from the rubber post, 
and attached to the prim^ conductor, and the electricity is to be 
gathered from the ball on the rubber post 

The operation of the machine is asfollmes : By turning the handle 
H the glass plate is pressed by the rubber. The friction of the 
rubber against the glass plate (or cylinder) produces a transfer of 
the electric fluid from the rubber to the plate ; that is, the cushion 
becomes negatively and the glass positively electrified. The fluid 
which thus adheres to the glass, is carried round by the revolution 
of the C3^ Under; and its escape being prevented by the silk bag, or 
flap, which covers the plate (or cylinder) until it comes to the im- 
mediate vicinity of the metallic points, on the fork F, it is attracted 
by the points, and carried by them to the prime conductor. Posi- 
tive electricity is thus accumulated in the prime conductor, while 
the conductor on the rubber post, being deprived of this electricity, 
is negatively electrified. The fluid may then be collected by a 
Leyden jar, from the prime conductor, or conveyed, by means of a 
chain attached to the prime conductor, to any substance whicti is to 
be electrified. If both of the conductors be insulated, but a small 
portion of the electric fluid can be excited ; for this reason, the chain 
must in ail cases be aUached to the rubber postf when positive electrici- 
ty is required f and to the prime conductor ^ when negative electricity is 
wanted. 

Experiments with the Electrical Machine. 

720. On the prime conductor of the electrical machine is placed 
the electrometer,* £. It consists of a wooden ball mounted on a 
metallic stick, or wire, having two pith balls, suspended by silk or 
hair. When the machine is worked, the pith balls, beinff repelled, 
fly apart, as is represented in the figure ; and they will continue 
elevated until the electricity is drawn ofl". But if an uninsulated 
conducting substance touch the prime conductor, the pith balls will 
fall. The' height to which the balls rise, and the c^uickness with 
which they are elevated, aflbrd some test of the quality of the ma- 
chine. 

721. The balls of the electrometer, when elevated, are attracted 

* The word " electrometer '* means ** a measurer of electricity.^^ It is made 
in. a variety of forms. It sometimes consists of a single pith bail, attached to h 
light "rod, in tlie manner of a pendulum, before a graduated arc or circle. An 
electroecope is an instrument of more delicate construction, to detect the pres- 
ence of electricity. 

Explain the operation of the machine. To what must the chain be attached 
when positive electricity is required i To what must it be attached when nega- 
tive electricity la wanted ? 720. What is the first experiment, mentioned, vviih 
the, electrical machine ? What does the word electrometer mean f Of what 
does it Rom<^tim«B consist ^ What is an electroscope ? 721. What is the second 
experiment f 
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b^ an excited piece of sealing' wax or resin, and repelled by a piece 
oi' excited glass. [ See JVb. 689.] 

7^. if an electric, or a non-condactor, be presented to the prime 
conductor, when charged, it will produce no effect on the balls } but 
if a non«electric, or any conducting substance be presented to the 
conductor, the balls of the electrometer will fall. This shows that 
the conductor has parted >with its electricity, and that the fluid has 
passed off to the earth through the substance, and the hand of the 
person presenting it. 

723. When the machine is turned, if a person touch the prime 
conductor, the fluid passes off through the person to the floor with- 
out his feeline it. But if he present his finger, his knuckle, or any 
part of the body,7tear to the conductor, without touching it, a spark 
will pass from the conductor to the knuckle, which will produce a 
sensation similar to the pricking of a pin or needle. 

724. If a person stand on a stool with glass legs,* or any other 
non-conductor, he will be insulated. If in this situation he touch 
the prime conductor, or a chain connected with it, when the ma- 
chine is worked, sparks may be drawn from any part of the body in 
the same manner as from the prime conductor. While the person 
remains insulated, he experiences no sensation from being filled 
with electricity ; or, if a metallic point be presented to any part of 
his body, the fluid may be drawn off silently, without being per- 
ceived. But if he touch a blunt piece of metal, or any other con- 
ducting substance, or if he step from the stool to the floor, he will 
feel the electric shock ; and the shock will vary in force according 
to the quantity of fluid with which he is charged. 

725. The Leyden jar may be charged by presenting it to the 
prime conductor, when the machine is worked. If the ball of the 

^'ar touch the prime conductor, it will receive the fluid silently ; 
ut if the ball of the jar be held at a small distance from the prime 
conductor, the sparks will be seen darting from the prime conduc- 
tor to the jar with considerable noise. 

726. The jar may in like manner be filled with negative elec- 
tricity, by applying it to the ball on the rubber post, and connecting 
the chain with the prime conductor. 

727. If the Leyden jar be charsred from the prime conductor, (that 
is, with positive electricity,) and presented to the pith balls of the 
electrometer, they will be repelled ; but if the jar be charged from 
the brass ball of the rubber post, (that is, with negative electricity,) 
they will be attracted. 

7^. If the electrometer be removed from the prime conductor, 
and a pointed wire be substituted for it, a wire with sharp points 
bent in the form of an S, resting upon it, will be made to revolve 
rapidly. In a similar manner the motion of the sun and the earth 

* A stool with glass legs belongs to "The BoHton School set." This is the 
only article lielonging to the set, which is not represented in this book by a 
figure. It was thought needless to represent it. 

722. What is the third ? What does this show f 723. What is the fourth t 
7S4. What is the fifth f 725. What is the sixth f 726. How may the jar be filled 
with negative electricity f 727. What is the seventh i 728. What is the 
eighth i 
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around their comi:non centre of grayity, together with the motion 
of the earth and the moon may w represented * 

729. If powdered resin be scattered over dry cotton wool, loosely 
wrapped on one end of the jointed discharger, it may be inflamed 
by the discharge of the battery or a Ley den jar. Gunpowder may 
be substituted tor the resin. 

730. The universal discharger , 
represented in Fig. 120, is an in- 
strument for directing a chargre 
of electricity through any sub- 
stance, with certainty and pre- 
cision. It consists of two slid- 
ing rods, A B and G D, termi- 
nating at the extremities, A and 
D, with brass balls, and at the 
other ends, which rest upon the ivory table or stand E, having ^ 
fork, to which any small substance may be attached. The whole is 
insulated by glass legs or pillars. The rods slide through collars, 
by which means their distance from one another may be adjusted. 

731. In using the universal discharger, one of the rods or slides 
must be connected by a chain, or, otherwise, with the outside, and 
the other with the inside coating of the jar or battery. By thiii 
means the substance through which the charge is to be sent is placed 
within the electric circuit. (See JVb. 709.) 

732. By means of the universal discharger^ a piece of a watch- 
spring, or any other small metallic substance, may be burnt. The 
substance must be placed in the forks of the slicfes, and the glides 

{>Iaced within the electric circuit, in the manner described in the 
ast paragraph. In the same manner, by bringing the forks of iUe 
slides into contact with a substance placed upon tne ivory stand of 
tlie discharger, such as an eggy a piece of a potato, water, &c. it 



Fiff. 121. 



may be illuminated. 

733. The electrical bells, 
represented in Fig. 121, are 
designed to show the efl^cts 
of electrical attraction and 
repulsion. They are thus to 
be applied. The ball B of 
the prime conductor, with its 
rod, is to be unscrewed, and 
the rod on which the bells 
are suspended is to be screw- 
ed in its place. The middle 

* In the electrical department of " The Boston School Set,'* there Is a hnm 
wire in the form of an S, as above described, together with bran balls, moantafi 
on wires, to represent the sun, earth, and moon, revolving around thi^r common 
cen^ of gravity. "' 

729. What is the ninth f 7S0. What figure represents the universal dis- 
charger f What is its use f Of what does it consist i 731. What is necessaiy 
in naing the universal discharger? What is effected by this means f 792. What 
expforimeiits are shown by pieans of the universal dischajrger ? How nuisl >he 
substance be placed ? 733. What figure represents the electri^l bells ? "^ff^ 
are they designed to show f How are they to be applied f 

13 
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bell 18 to be connected by a chain, with the table or the floor. When 
the machine is then slowly turned, the balls suspended between tlie 
bells will be alternately attracted and repelled by the bells, and cause 
a constant ringing. If the battery be charged and connected with 
the prime conductor, the bells will continue to ring until all the fluid 
fiom the battery has escaped. 

It may be observed, that the fluid from the prime conductor passes 
readily from the two outer bells, which are suspended by chains ; 
they, therefore, attract the two balls toward them. The balls be- 
coming electrified by contact with the outer bells, are repelled by, 
them and driven to the middle bell, to which they communicate 
their electricity; having parted with their electricity they are repels 
ed by the middle bell, and again attracted by the outer ones, and 
thus the constant ringing is maintained. The fluid which is com- 
municated to the middlel>ell, is conducted to tlie earth by the chain 
attached to it. 

734. Ether, or spirits of wine, may be inflamed by a spark com- 
municated from a person, in the following manner. The person 
standing on the insulating stool, (that is, the stool with glass legs,) 
receives the electric fluid from the prime conductor, by touchmg 
the conductor or any conducting substance in contact with it, he 
then inserts the knuckles of his hand in a small quantity of sulphu- 
ric ether, or spirits of wine, held in a shallow metallic cup, by 
another person, who is not insulated, and the ether or spirits imme- 
diately inflames. In this case the fluid passes from the conductor 
to the person who is insulated, and he becomes charged with elec- 
tricity. As soon as he touches the liquid in the cup, the electric 
fluid, passing from him to the spirit, sets it on fire. 

735. The passage of the electric fluid from one conducting sub- 
■tanoe to another, is beautifully exhibited by means of a glass tube. 

Fig. 122. 

having a brass ball at each end, and coated in the inside with small 
pieces of tin foil, placed at small distances from each other in a 
spind direction, as represented in Fig. 1!^. ^ 

TOs is called the spiral tube. Pig. 128. 

In the same manner various figures, let- 
ten, and words may be represented, by 
arranging similar pieces of tin foil between 
two pieces of flat glass. These experi- 
ments appear more brilliant in a darkened 
room. 

736. Fig. 123 represents the hydrogen 
cannon or pistol. When filled with hydro- 



What flurther may be observed with regard to this last experiment i 735. What 
•oea Fig. 122 represent f 736. What does Fig. 123 represent I 
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Sn sns, * If the iniulalcd knob E be pKaenled to the nima noii- 
ctor, it will itnmediBlclf cipbde, I 

Fl(.»t. 



737. Fig. ViA re^ 
•CDli (he electricil 
■portaniBii. From the 
larger bsll af a Leyden 
jar iwo birds m&de of 
pith t ue Buapeoded bj 
■ilk or hair. When the 
ys IB charged the birds 
will rise, as represent- 
ed in the figure, an oc- 

of the fluid in thejir. 

If the jnr he thee 
placed on the tin full 
of the Btand, and the 
■mailer ball placed within a half inch of Ihe end of the gnn, a dis- 
charge will be produced, and the birds will fiill. 

7%. IFimagea, made of pith, vr ainall pieces of paper, are placed 
under Uie inaulated atool, (that ia, the Btoo! with glaas 1eg«,) and ■ 
connexion be made between the prime condoctor and the top of the 
stool, the imagea, &e. will be alternalelj attracted and repelled ; or, 
in other words, (hey will first lise to (he electrified lop of the stool, 
and tbua becoming themselies electrified, by contact tnlh the elec- 
trified top of the Btool, they will then be repelled, and fall to the 
Sound. Uie floor, or the talile ; where, parting with their electricitf, 
ey will again \te attracted by (he atool, thus rising and fUling with 
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Fig. 126. 



oMttderftble rapidity. In order to condact this experiment mioccss- 
fully, the images, (kc. must be placed within a short distance of the 
bottom of the stool. 

739. The straight receiver, connected with the pneumatic set, 
represented in Fig. 78, and described in number 377, as is there men- 
tioned, is a jar coated with parallel strips of tin foil. Let this be 
charged, by placing the inside coatiog in contact with the prime 
conductor. If a number of pith balls be then placed within the 
glass, or the fflass be placed over the pith balls, they will bound 
rapidly up and down, and their motions will be repeated, as often as 
the glass is touched by the hand, until the jar or glass has parted 
with its electricity This experiment may also be performed by a 
plain glass tumbler. 

740. A hole may be perforated through a quire of paper, by charg- 
ing the battery, resting the paper upon the brass ball of the battery, 
and making a communication, by means of the jointed discharger, 
between the ball of one of the jars and the brass ball of the tox. 
The paper, in this case, will be l>etween the ball of the battery and 
the end of the discharger. 

741. The thunder house. Fig. 126, is designed to show the secu- 
rity afforded by lightning rods, when lightuing strikes a building. 
(3u No. 712.^ This is done by placing 
a highly combustible material m the in- 
Mde of the house, and passing a charge 
of electricity through it. On the floor 
of the house is a surface of tin foil. The 
hydrogen pistol, {See Fig. 123,) being 
fined with hydrogen gas from the gas* 
ometer, (See Fig. 124,) must be placed 
on the floor of the thunder house, and 
connected with the wire on the opposite 
side. The house being then put togeth- 
er, a chain must be connected with the 
wire on the side opposite to the lightning 

rod, and placed in contact either with a single Leyden jar or with 
the battery. When the jar, thus situated, is charged, if a connexion 
be formed* between the jar and the points of the lightning rod, the 
flaid will pass off silently, and produce no effect. But if a small 
brass ball be placed on the points of the rod, and a charge of elec- 
tricity be sent to it, from the jar or the battery, the gas in the pistol 
will explode, and throw the parts of the house asunder with a loud 
noise.* 

* The saccess of this experiment depends upon the proper connexion of the 
jar with tlie lightning rod, and tlie electrical pistol. On the side of the house 
opposite to the lightning rod there is a wire, passing through the side, and ter- 
minating on the outside in a hooli. When tlie house is pot together, this wire, 
in the inside, must touch the tin foil on the floor of the house. The hydrogen 

738. How mnst the images be placed to conduct the experiment successflil- 
iv ; 741. What does Fig. 126 represent ? What is it desiened to show i How 
h this done ? When will the fluids pass oflT silently and produce no effbct? 
When will there be an explosion and the house be torn asunder } Note. Upon 
tvhat does the success of this experiment depend f What is said in the note 
with regard to the thunder house ? 
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742. If the ball of the prime conductor be removed and a pointed 
wire be put in its place, the current of electricity flowing from the 
point, when the machine in turned, may be perceived by placing^ 
lighted lamp before it ; the flame will be blown from the point ; and 
this will be the case in what part soever of the machine the point is 
placed, whether on the prime conductor or the rubber; or if the 
point be held in the hand and the flame placed between it and the 
machine, thus showing that in all cases the fluid is blown from Uie 
point. Delicate apparatus may be put in motion by the electric fluid 
when issuing from a point. In this way electricsd orreries, mills, &c. 
are constructed. [See JVb. 727.] 

743. If the electrometer be removed from the prime conductor, 
and a tufl of feathers or hair, fastened to a stick or wire, be put in 
its place, on turning the machine the feathers or hair will become 
electrified, andihe separate hairs will rise and repel each other. A 
toy is in this way constructed, representing a person under exces- 
sive fright. On touching the head with the hand, or any conduct- 
ing substance, not insulated, the hair will fall. 

744. Gold leaf may be forced into the pores of glass by placing 
it between two slips of window glass, pressing the slips of glass 
firmly together, and sending a shock from a battery through them. 

745. It gold leaf be placed between two cards, and a strong charge 
be passed through them, it will be completely fused. 

746. When electricity enters at a point, it appears in the form of 
a star ; but when it goes out from a point, it puts on the appearance 
of a brush. 

747. Lightning is the rapid motion of vast quantities 
of electric matter, — and thunder is the noise produced 
by the rapid motion of lightning through the air. 

748. The aurora horeaUs, (or northern lights,^ is supposed to be 
caused by the electric fluid passing through highlv rarefied air; and 
most of the great convulsions ^of nature, such as earthquakes, 
whirlwinds, hurricanes, water-spouts, &c., are generally accompa- 
nied by electricity, and often depend upon it.* 

pistol muit stand cm the tin (bii, and its insalated knob or wire, projecting from 
its side, niu«t be connected with the lower end of the lightning rod, extending 
into the inside (rf* the hoase. A communication must then be made between the 
hoolK on the ouuide of the house, and the outside of the Jar or battery. This \» 
conveniently done by attaching one end of a chain to the hook and holding the 
other end in the hand against the side of a charged Jar. By presenting the knob 
of the Jnr tu the points of the lightning rod no eflTect is produced, but if a brass 
ball be placed on the points at P, and the knob of the Jar be presented to the 
ball, the explosion will take place. If the charged Jar be very tuddenly present- 
ed to the points, the explosion may take place -, and the Jar tnay be silently dis- 
barged if it be brought very slowly to the ball. 

The thunder house belonging to " The Boston School Set ** is held together 
by magnets, attached to the inner surface of the sides. 

* The experiments which have now been described exemplify all the elemen* 
tary principles of the science of electricity. These experiments may be varied, 
multiplied, and extended in innumerable forms, by an ingenious practical elee- 

742. ta what wav are electrical orreries, mills, &c. constructed ? 747. What 
is lightning ? What is thunder f 748. How is the aurora borealis supposed to 
be caused f * 

13* 
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749. The electricity which a body manifests bv being brought 
near to an excited body, without receiving a spark from it, is said to 
be acquired bj indMcUon. Whenaninsouted bat unelectrified con 

tridaa. AmoDf other things with which the sulifect may be made interestiaf . 
Aiay be mentioned the fbllowing racu, Acjc 

A nomber of featbertf suspended by strings ftom an insalated conducting snb- 
■fanoe. will rise and present the appearance of a flight of birds. As soon as 
the saMtance !• discharged the feathers will Ikll. The experiment described 
In No. 737, may be yaried by placing the sportsman on the prime conductor, 
without the use of the Leyden Jar, to which the birds are attached ? 

The experiment in No. 738 may be yaried by the use of two plates of metal, 
one (^ which may be suspended firom the prime conductor and the painted 
Images placed between them* 

Instead of the Leyden iar a plate of Common glass, (a nana of window-glass, 
Ibr instance,) may be coated on both sides with tin (bil, leaving the edges bare. 
A bent wire balanced on the edge of the glass, to the ends of which balls maybe 
attached, with an image at each end, may be made to represent two persons 
tilting, on the same principle by which the electrical bells are made to ring. 
\S€e No. 733.] 

A beantiftal little sawmill was lately exhibited at a lecture at the Odeon, in 
this city, by Mr. Quimby, its ingenious contriver. The moving power was a 
Wheel, with balls at the ends of the spokes, situated within the attractiye inflo* 
ence of two larger balls, difllbrenily electrified. As the balls on the spokes were 
attracted by one of the larger balls, they changed their electrical state and were 
attracted by the other, which, in iu return, repelled them, and thus the motion 
being giren to the wheel was communicated by cranks at the end of the axle to 
the saws atiove. 

When the hand is presented to the prime condoetor, a spark is commimicat- 
ed, attended with a slightly paiufUI sensation. But if a pin or a needle be held 
in the hand with the point towards the conductor, neither spark nor pain will 
be perceived, owing to the attracting, (or perhaps, more properly speaking, the 
reeetvin^} power^ of the point. ^ 

That square Vods are better than round ones to conduct electricity silently to 
the ground, and thus to protect buildings, may be proved by causins each kind 
of rod to approach the prime conductor when charged. It will thus be perceiT- 
ed, that while little eflTect is produced on the pith balls of the electrometer by 
the near approach of the round rod, on the approach of the square one the balls 
will immedialely fall. The round rod also, will produce an explosion and a 

Sark, fVom the ball of the prime conductor, while the square one will draw off 
e fluid silently. 

The effbcts of pointed eondoctora upon clouds charged with electricity may 
be familiarly exemplified by suspending a small fleece of cotton wool Ibom the 
prime conductor, and other smaller fleeces fl>om the upper one, by small fila- 
ments. On presenting a point to them they will be repelled and all drawn to* 
gather ; but if a blunt conductor approach them they wifl l>e attracted. 

From a great variety of flicts, it has been ascertained, that lightning rods afford 
but little security to any part of a building beyond twenty feet from them } and 
that when a rod Is painted it loses its conducting power. The lightning rods of 
the most approved construction, and in strictest accordance with philosophical 
principles, are composed of tmaU square rods, (similar to nail rods.) They ran 
oyer the building, and down each of the comers, presenting many elevated 
points in their course. At each of the corners, and on the chimneys, the rods are 
elevated seTeral feet above the building. Rods of this description have been 
erected on all the public school-houses and other public buildings of this city, by 
•order of the city authorities. They were constructed by Dr. King, who ha« 
introduced an improvement, by twisting the square rods, and thus muhiplying 
the sharp surfeces presented to collect the fluid. 
*^ ' ... ... 

Why are square reds better than round ones to conduct electricity silently to 
the ground, and thus protect buildings fh>m lightning ? How fer t»eyond the rod 
do lightning rods aflbrd protection f In what way are the moat approved lif^l- 
idilf rods ooDstnicted f 



^^^^1^\-L 






ELfiCTRiorry. 151 

ductor is brought near an insulated charged conductor, the end near 
to the excited conductor assumes a state of opposite electricity, 
while the farther end asauaies the same kind of electricity,^ that is, 

The removal of silk and woollen gttrnients, worn daring the day in cold 
weather, is often accompanied by a vlight noiae, resembling that of aparks issu- 
ing flrom a flre. ▲ similar eflTect ia produced on passing the hand soflly over 
the back of a cat. These effects are produced by electricity. 

It may here be remarked, that the terms positive and negative, are merely 
relative terms, as applied to the subject of electricity. Tlius, a body which is 
possssaed of its natural share of electricity, is positive in respect to one that 
has less, and negative in respect to one that has more than its natural share of 
the fluid. So, also, one that has more than its natural share is positive with 
regard to one that hns only its natural share, or less than its natural share,— 
and negative in respect to one having a larger share than itself. 

The experiments with the spiral tube, No. 735, may be beautifully varied by 
having a collection of such tubes placed on a stand ; and a jar coated with small 
strips resembling a brick wall, presents, when it is charged, a beuutifUl appear- 
ance In the dark. 

The electric fluid occupies no perceptible space of time In its passage ihrougit 
its circuit. It always seems to prefer the shortest passage, when the conductors 
are equally good. Thus, if two, ten, a hundred, or a thousand or more persons, 
Join hands and be made part of the circuit of the fluid in passing fVom the in- 
side to the outside of a Leyden jar, they will all feel the shock at the same 
moment of time. But, in its passage, the fluid always prefers the best conduc- 
tors. Thus, if two clouds, difftsrently electrified, approach one another, the 
fluid, in its passage from one cloud to the other, will sometimes take the earth 
in its coarse, because the air is a bad conductor. 

In thunder storms, the electric fluid sometimes passes from the clouds to the 
earth, and sometimes from the earth to the clouds ; and sometimes, as has just 
been stated, from one cloud to the earth, and from the earth to another cloud. 

It is not safe, during a thunder storm, to take shelter under a tree, because the 
tree attracts the fluid, and the human body being a belter conductor than the 
tsse, the fluid will leave the tree and pass into the body. 

It is also QHsafe to hold in the hand edge tools, or any sharp point which 
will attract the fluid. 

The safbst position that can be chosen during a thunder storm, is a recumbent 
posture on a feather bed ; and in all situations a recumbent is safer than an erect 
position. No danger is to be apprehended from lightning when the interval 
between the flash and the noise of the explosion is as much as three or four 
seconds. This space of time may be conveniently measured by the beatings of 
the pulde, if no time-piece be at hand. 

Lightning rods were first proposed by Dr. Franklin, to whom is also ascribed 
the honor of the discovery that thunder and lightning are the efl*ects of electri- 
city. He raised a kite, constructed of a silk handkerchief, adjusted to two light 
strips of cedar, with a pointed wire flxed to it ; and ihstening the end of the twine 
to a key, and the kej^ by means of a piece of silk lace, to a post, (the silk lace 
serving to insulate the whole apparatus,) on the approach of a thunder cloud. 

What is remarked with regard to the terms negative and positive ? How can 
this be illustrated i What i^t said with regard to the time the electric fluid oc- 
cupies in its passage through its circuit ? By what is the electricity which a 
body manifests by being brought near to an excited body without receiving a 
spark from it, said to be acquired } When an insulated, but unelecirified con- 
ductor, is brought near an insulated charged conductor, what is said with regard 
to the end near the excited conductor ? What example is given to illustrate 
this ? What example is given (o show that the fluid prefbrs the best conduc- 
tors } In what different ways does the electric fluid sometimes pass in thunder 
«torms .^ Why is it unsafb, during a.thunder storm, to take shelter under n tree, 
or to hold in the hand any edge tools f What position is the safest in a thun- 
der storm ? When is there no danger to be apprehended from the lightning f 
By whom were lightning rods flrst proposed ? Who. first discoversd tiiat tbna- 
4er and lightning are the efi*ects of electricity ? 



u^ 



I5S NATURAL PHILOSOPHY. 

if the conductor be electrified positively, the unelectrifled conductor 
will be negative at the nearer end and positive at the further end, 
while the middle point evinces neither positive nor negative eleq 
tricitj. 



SECTION XVII. 

Qal^awAm^ or Voltaic Electricity. 

150. Galvanism is a branch of Electricity. It derives 
its name from Galvani, * who first discovered it. 
Electricity is produced by the mechanical action of bodies on one 

he wu able to collect aparks {1*0111 the key, to charge Leyden Jars, and to set fire 
to Bpirlts. This experiment established the identity of lightning and electrici- 
ty. The experiment waR a dangerous one, as was proved in the case of Proles- 
■or Richman, of St. Petersburgh, who fell a sacrifice to his zeal for electrical 
science, by a stroke of lightning flrom his apparatus. 

Among the most remarkable (kcts, connected with the science of Electricity, 
may be mentioned the power possessed by certain species of fishes, of givinf 
■hocks, similar to those produced by the Leyden Jar. There are three animals 
possessed of this power, namely, the Torpedo, the Gymnotus Electricus, (or 
Surinam Eel,} and the Silurus Electricus. But although it has neen ascertained 
that the Torpedo is capable of giving shocks to the animal system, similar to 
those of the Leyden Jar, yet he has never been made to afilbrd a spark, nor to 
produce the least efihct upon the most delicate electrometer. The Gymnotus 
gives a small but perceptible spark. The electrical powers of the Silurus are 
Inferior to those of the Torjtedo or the Gymnotus, but still sufficient to give a 
distinct shock W the human system. This power seems to have been bestoweil 
upon these animals to enable them to secure their prey ; and to resist the at- 
tacks of their enemies. Small fishes, when put into the water where the Gym- 
notus is kept, are generally killed or stunned by the shock and swallowed by the 
animal, when he is hungry. The Gymnotus seems to be possessed of a new 
kind of sense, by which he perceives whether the bodies presented to him be 
conductors or not. 

* Dr. Aloysius Galvani was a Professor of Anatomy in Bologna, and made his 
discoveries about the year 1790. His with, being consumptive, was advised to 
take, as a nutritive article of diet, some soup made of the fiesh of llrogs. Sever- 
al of these animals, recently skinned for that purpose, were lying on a table in 
his laboratory, near an electrical machine, with which a pupil of the professor 
was amusing himself in trying experiments. While the machine was in action he 
chanced to touch the bare nerve of the leg of one of the frogs, with the blade of a 
knifb that lie held in his hand, when suddenly the whole limb was thrown into vio- 
lent convulsions. Galvani being informed of the fact, repeated the experiment, 
and examined minutely all the circumstances connected with it. - In this way 
be was led to the discovery of the principles which form the basis of this 
science. The science was subsequently extended by the discoveries of Profes- 
sor VoUa, of Pavia, who first constructed the Galvanic or Voltaic Pile, iji the 
beginning of the present century. 

In what way did he prove this f What is related as among the most remark- 
able fiicu connected with the science of electricity ? 76a What is galvnnitimf 
How is electricity generally produced f By whom and when was gaivanisn 
discovered t What led to the discovery ? 
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another ; but Galvanism, or Gtdvanic Electricity, is produced by 
their chemical action. 

751. The motion of the electric fluid excited by galvanic power, 
differs from that explained in the science of electricity, in its dura- 
tion ; for while the latter exhibits itself in sudden and intermitted 
shocks and explosions, the former continues in constant and unin- 
terrupted action. 

752. The nerves and muscles of animals are most easily affected 
by the galvanic fluid ; but the voltaic or galvanic battery possesses 
the most surprising powers of chemical decomposition. 

753. The galvanic fluid or influence is excited by the 
contact of pieces of different metal, and sometimes by 
different pieces of the same metal. 

754. Jlhtstration first. If a living frog, or a fish, (as a flounder,) 
having a slip of tin foil pasted on its back, be placed upon a piece 
of zinc, spasms of the muscles will be excited whenever a comma- 
nicatiiyais made between the zinc and the tin foil. 

755. Illustration second. If a person place a piece of one metal, 
as a half dollar, above his tongue, and a piece of some other metal, 
as zinc, below the tongue, he will perceive a peculiar taste ', and, 
in the dark, will see a flash of light, whenever the outer edges of 
the metals are in contact. 

756. Illustration third. A faint flash may be made to appear be* 
fore the eyes by putting a slip of tin foil upon the bulb of one of 
the eyes, apiece of silver in tne mouth, and making a communica- 
i\g^ between them. In these experiments, no effect is produced so 
long as the metals are kept apart ; but on bringing them into con- 
tact, the effects above described are produced. 

757. The conductors of the galvanic fluid are divided 
into the perfect and the imperfect. Metallic substances, 
plumbago and charcoal, the mineral acids and saline 
solutions are perfect conductors. Water, oxydated flu- 
ids, as the acids, and all the substances that contain 
these fluids, alcohol, ether, sulphur, oils, resins, and 
metallic oxides, are imperfect conductors. 

758. To produce any galvanic action it is necessary 
to form what is called a galvanic circle ; that is, a cer- 
tain order or succession of substances capable of pro* 
ducing the fluid. 

751. How does the motion of the electric fluid, excited by galvanic power, 
differ from that explained in the science of electricity i 752. What l>odie»-are 
most easily effected by the galvanic fluid ? 753. How is the galvanic fluid or in- 
fluence excited ? 754. What illustrations of this are given? 757. Into what are 
the conductors of tlie galvanic fluid divided ! What substances are perfiict con- 
ductors f What substances are imperfect conductors i 758. What is neces- 
sary in order to produce »nv iuilvanic action f 
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759. To prodace electricity in the common way (as lias hun 
stated under the head of electricity), it is necessary to excite an elec- 
tric or non-conducting sabstance. But to produce the galvanic 
fluid, all that is necessary is the simple cojitact of different conduct- 
ing substances with each other. 

760. The simplest galvanic circle is composed of 
three conductors, one of which must be solid, and one 
fluid ; the third may be either solid or fluid. 

761. The process usually adopted for obtaining galvanic electri- 
city is to place between two plates, of different kinds of metal, a 
fluid capable of exerting some chemical action on one of the plates 
while it has ng action, or a different action, on the other. A com- 
munication is then formed between (he two plates. 

762. Illustration. Fig. 127 represents a simple galvanic circle. It 
consists of a vessel containing a portion of diluted sulphuric acid, 
with a plate of zinc Z and of copper C immersed in it. The plates 
are separated at the bottom, and the circle is completed by unit- 
ing the plates at the top. The same effect will be produced ^f, in* 
stead of allowing the metallic plates to come into direct contact, the 
communication between them be effected by wires extending from 
one to the other. 

763. In the above arrangement, there are three elements or es- 
sential parts ;* namely, the zinc, the copper, and the acid. The acid, 
acting chemicallyf upon the zinc, produces an alteration in the elflte- 
trical state of the metal. The zinc communicating its natural share 
of the electrical fluid to the acid, becomes negativSLyt electrified. 

* It is essential in all cases to have three elements to prodace KalvanlM^c- 
tion. In the experiments or illustrations in nambers 754, 755. aqd ISQ^^e 
moisture of the animal, or of thecnouih, supplies the place of the acid, so that 
the three constituent parts of the circle are completed. 

t A certain quantity of electricity is always developed, or, in other words, 
converted from a Intent to an active state, whenever a chemical action takes 
place between a fluid and a solid body. This is a general law of chemical ac- 
tion ; and, indeed, it has been ascertained, that there is so intimate a connexion 
between electrical and chemical charges, that the diemical action can proceed 
only to a certain extent, unless the electrical equilibrium, which has been dis- 
turbed, lie again restored. Hence, we find that in the simple, as well as in the 
compound galvanic circle, the oxidation of the ziuc proceeds with activity 
whenever the galvanic circle is completed ; and that it ceases, or, at least takes 
place very slowly, whenever the circuit is interrupted. 

X It appears at first view to be a singular fact, that in a simple galvanic circl^ 
composed of zinc, acid, and copper, the zinc end will always be negative, and 
the copper end positive ; while in all compound galvanic circles, composed of 
the same elements, the zinc will be positive, and the copper net^ative. This ap- 
parent difference arises from the compound circle being usually terminated by 
two superfluous plates. 

*- . , _ 1 

759. How does the manner of producing the galvanic fluid and electricity in 
the common way,diffbr ? 760. Of w^at is the simplest galvanic circle compo- 
sed .' 761. What process is usaally adopted for obtaining galvanic electricity f 
Illustrate this by Fig. 127. What efibf t will be produced iq instead of allowing 
the metnllic plates to come into direct contact, the communication lietween 
them be elTected by wires ? How many parts are there in the above arrange- 
ment .' What are they f What etPect does the acid produce f What is the 
electrical stale of the ziuc ? 



GALVANISM. 

The copper, Bltracliog the aime fluid 
from the acid, becomes positively eleclri- 
Ged. An; conducdng subatance, there- 
fore, plsced wilhin the line of eommuni- 
CBtion betnccn the poaitive and negntive 
point*, will receive the charge thus to be 
obtained. The arrows in Fig. liiTahow 
the direcdon of the current of poaitive 
electricilj, namely, from the zinc to the 
Bnid, — ffoni the fluid to the copper, — 
from the copper back to .the zinc. The — _ .. 

mbitance to be lubinitted to the action of 
the fluid, must be placed in the line of 
communication betvreen [be Copper and 1 
the zinc. I 

764. The electncal effects of a simple Q 
galTRoic circle, inch as has new been des- 
cribed, are, in general, too feeble to be per- 
oeivja, except by very delicate teats. The _^ 

musclea gf animals, eapeciully those of 
Cold-blooded nnlmala, such aa fro^s, &a , the tonnue, the eye, aod 

""■" "'" — parts of the body, being very eaaily affecteif, aflbrd 

.: <■ , , :^ „i,p,p, ^g^ j^^_ 

s qoantity of eleclH- 

_.joefl^cton 

the most delicate electrometer.* 

..165. The galvanic effects of a simple circle maybe 
inqieascd, to any degree, by a repetition of the eame 

simple combination. 

Such repetitions constitute compound galvanic circles, and are 
called galvanic piles or galvanic batteries, according to the mode in 
which Ihey are conatructed. 

766. The voltaic pile consists of alternate plates of 
two difierent kinds of metal, separated by woollen clotb, 
card, or some similar substance. 

767. lUtintratUm. Fig. 128 jep'reaentg a voltaic pile. A Tollaio 
pile may be conatmcted in (he followin* manner : .Take a number, 

' On the prlnclplE of Ihe ilmple (alvuiU: circle, Dr. Hare, of PliUndelpbla, 
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tmj twelve plates of ailver, and the same nam- Fig. 128. 

ber of sine, and also of woollen cloth, the cloth 
having been soaked in a solution of sal ammo- 
niac in water ; with these a pile is to be formed 
in the following order : namely, a piece of sil- 
ver, a piece of zinc, a piece of cloth, and thus 
repeated. These are to be supported by three 
glass rods, placed perpendicularly with pieces 
of wood at the top and bottom, and the pile will 
then be complete ; and will afford a constant- 
current of electric fluid through any conducting sulMitance. Thai, 
if one hand be applied to the lower plate, and the other to the upper 
one, a shock will be felt, which will be repeated as often as the 
contact is renewed. •^ 

Instead of silver, copper plates, or plates of other metal, may be 
used in the above arrangement. The arrows in the figure, snow 
the course of the current of electricity in the arrangement of stiver, 
zinc, &c. 

768. The voltaic battery is a. combination of mtl^llic 
plates, immersed by pairs in a fluid Avhich exerts a chem- 
ical action on one of each pair of the plates, and no 
action, or, at least, a diflTerent action on the other.''^ 

769. Illustralion. Fig. 129 represents a voltaic battery. It 

sists of a trough made of bakeo wood, wedgewood-ware, or s 
_.,- ^ .. . . ,. . Fig. 129. 
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other non-conducting substance. It is 
divided into grooves or partitions, for 
the reception of the acid, or a saline 
solution, and the plates of zinc or cop- 
per (or other metals) are immersed by 
pairs in the grooves. These pairs of 
plates are united by a slip of metal 
passing from the one and soldered to 
the omer; each pair being placed so 
as to enclose a partition between them, 
and each cell or groove in the trough 
containing a plate of zinc, connected 
with the copper plate ot the succeeding cell, and a copper plate 
joined with the zinc plate of the preceding cell. These pairs must 
commence with copper and terminate with zinc, or commence with 
zinc and terminate with copper. The communication between the 
first and last plates is made by wires, which thus complete the gal- 

* The electricity excited by the battery, proceeds yrotn the Bolid to the flald 
which acts upon it chemically. Thus, in a battery composed of zinc, diluted 
sulphuric acid and copper, the acid acts upon the sine, and not on the copper. 
The galvanic fluid proceeds, therefore, flrom the sine to the acid, flrom the acid 
to the copper, dfcc. 




Can any other metal be used P What are the arrows in the figure designed to 
show ? 768. What is the Toltaic battery i What is said in the note with re- 
gard to the electricity excited by the battery ? What does Fig. 129 represent * 
or what does the voltaic battery consist .' How is the communication between 
tka tntaad last plates made ? 
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Tanic circait. The substance to be submitted to gaWanic action is 
placed between the points of the two wires. 

770. A compound battery of great power is obtained by uniting a 
number of these troughs. In a similar manner a battery may be 
produced by uniting several piles, making a metaHlc communica- 
tion between the last plate of the one and the first plate of the next, 
and so on, taking care that the order of succession of the plates in 
the circuit be preserved inviolate. 

771 . The Couronne des tosses f represented in figure 130, is an- 
other form of the galvanic battery. pj_^ jg^^ 

It consists of a number of cups, 
bowls, or glasses, with the zinc 
and copper plates immersed in 
them, in the order represented in 
the figure ; Z indicating the zinc, 
and C the copper plates; the ar- 
rows denoting the course of the 
electric fluid. 

79®. The electric shock from the 
voltaic battery may be received by 
any number of persons, by joining 
hands, having previously wetted them. 

773. The spark from a powerful voltaic battery acts upon and 
^flames gunpowder, charcoal, cotton, and other inflammable bodies, 
melts all metals, disperses diamonds, &c 

774. The wires, by which the circuit of the battery is completed, 
are generally covered with glass tubes, in order that they may be 
held, or directed to any substance. 

775. There are three principal circumstances in which the elec- 
tricity produced by the galvanic or voltaic battery, differs from that 
obtained by the ordinary electrical machine, namely, — 

First. The very low degree of intensity* of that produced by the 
galvanic battery, compared with that obtained by the machine. 

* By intenmty is here meant the same that is implied by density, as applied 
to matter. The quantity of electricity obtained by galvanic action is much 
greater than can be obtained by the machine ; bat it flowsf as it were, in nar- 
row streams. The action of the electrical machine may be compared to a 
mighty torrent, dashing and exhausting itself in one leap from a precipitous 
height. The galvanic action may be compared to a steady stream, supplied by 
an inexhaustible fountain. In other words, the momentum of the electricity 
excited by galvanism is less than that from the electrical machine, — but the 
fuonltiy, as has been stated, is greater. 

Where must the substance which is to be submitted to galvanic action bs 
placed f How can a compound battery of great power be obtained f What 
does Fig. 130 represent? Of what does this battery consist? How can the 
electric shoclc, from the voltaic battery, be received by any number of persons i 
What is said of the spark from a powerflil voltaic battery ? 775. In how many 
ways does the electricity produced by the galvanic or voltaic battery difibr (torn 
that obtained by the ordinary electrical machine f What is the first { What is 
here meant by intensity ? How does the quantity of electricity obtained by 
galvanic action, compare with that obtained by the machine f To what may 
the action of the electrical machine be compared f To what may the galvaals 
action be compared I 

14 
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Steondhf. The very luge quantity of electricity which is set in 
motion by the voltaic battery ; and 

Thirdly. The continuity of the current of voltaic electricity, and 
its perpetual reproduction, even while this current is tending to 
lestore the equilibrium.* 

776. A common electrical battery may be charged from a voltaio 
Vattery of sufficient size ; but the largest calori motor that has yet 
been constructed, furnishes no indication of attraction or repulsion 
equal to that which is given by the feeblest degree of excitation to 
a piece of sealing wax. A galvanic battery, consisting of fiflv 
pairs of plates, will affect a delicate gold-leaf electrometer ; ana, 
with a series <^ one thousand pairs, even pith balls are made to 
diverge. 

777. Voltaic piles have been constructed of layers of gold and 
silver paper. The effect of such piles remains undisturbed for 
years. With the assistance of two such piles, a kind of perpetual 
motion f or self-moving clock, has been invented by an Italian phi 
losopher. The motion is produced by the attraction and repulsion 
of the piles exerted on a pith ball, on the principle of the electrical 
bells described in number 733. The top of one of the piles was 
positive, and the bottom negative. The other pile was in an oppo- 
site state ; namely, the top negative, and the bottom positive. 

778. The effect of the voltaic pile on the animal bodj 
depends chiefly on the number of plates that are eiw». 
ployed ; but the intensity of the spark and its chemical 
agencies increase more with the size of the plates, than 
with their number. 

779. Gsivanism explains many facts in common life. 

* Whenever an electrical battery ia charged, how great soever may be the 
qaantity that it containn, the whole of the power is at once expended, as soon 
as the circuit is completed. Its action may be sufficiently energetic while it 
lasts, but it is exerted only for an instant, and like the destructive operation erf* 
lightning, can effect, during its momentary passage, only sudden and violent 
changes, which it is beyond human power to regulate or control. On the con- 
trary, the voltaic battery continues for an indefinite time, to develope and supply 
vast quantities of electricity, which, &r from being lost by returning to their 
source, circulate in a perpetual stream, and with undiminished force. The 
efibcts of this continued current on the bodies subjected to its action, will, 
therefbre, be more definite, and will be constantly accumulating; and their 
amount in process of time, will be incomparably greater than even those of the 
ordinary electrical explosion. It is, therefore, found that changes in the com- 
position of bodies are eflfbcted by galvanism, which can be accomplished by no 
other means. The science of galvanism, therefore, has extended the field, and 
multiplied the means ofinvestlgation tn the kindred sciences, especially that erf 
shemistry. 

What Is the second way in which they diflbr } What is the third f What is 
said in the note with regard to the third circumstance in which the electricity 
obtained by the ordinary electrical machine difffcra firom that produced by the 
salvanic battery ? What is said of the eflbcu of this continued current on the 
bodies sul^ected to Its action ? Of what have voltaic piles been cona^ncted f 
What has been produced with the assistance of two such piles f How and m 
what principle was the motion prodaoed f 778. On what does the effect of the 
voltaic pile on the body depead f 779. What Ibcts in common Ufo does galvaa- 
tai explain f 
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Porter, ale, or strong beer, is said to have a peculiar taste when 
drunk from a pewter vessel. The peculiarity of taste is caused by 
the gralvanic circle formed by the pewter, the beer, &c., and Uie 
moisture of the under lip. 

Works of metals, the parts of which are soldered together, soon 
tarnish in the places where the metals are Joined. 

Ancient coins, composed of a mixture or metal, have crumbled to 
pieces, while those composed of pure metal have been uninjured. 

The nails and the copper in sheathing of ships are soon corroded 
about the place of contact. These are all the effects qf galvanism.* 

There are persons who profess to be able to find out seanos ia 
brass and copper vessels by the tongue, which the eye cannot dis- 
cover ; and, by the same means, to distinguish the base mixtures 
which abound in gold and silver trinkets. 



SECTION XVIII. 

Magnetism. 

780. Magnetism treats of the properties and effects 
of the magnet, or loadstone. 

781. There are two kinds of magnets, namely, the native or 
natural magnet, and the artificial. 

782. The native magnet, or loadstone, is an ore of iron, found In 
iron mines, and has the property of. attracting iron and other sub* 
stances which contain it. 

783. An artificial magnet is a piece of iron to which magnetic 
properties have been communicated. 

For ail purposes of accurate experiment, the artificial is to be pre- 
ferred to the native magnet. 

784. If a straight bar of soft iron be held in a vertical position, 

* The most striking effbcta of galvanism on the human ft^me, after death, 
were exhibited at Glasgow, a fbw years ago. The subject on which the experi- 
ments were made was the body of the murderer Clydesdale, who was hanged 
at that city. He had been suspended an hour, and the first experiment was 
made in about ten minutes after be was cut down. The galvanic battery em- 

Kloyed cousisied of 270 pairs of four inch plates. On the application of the 
Bttery to dillbrent parts of the body, every moscle was thrown into violent 
agitation *, the leg was thrown out with great violence, breathing commence!^ 
the fiice exhibited extraordinary grimaces, and the finger seemed to point out the 
spectators. Many persons were obliged to leave the room firom terror or sick- 
oess ; one gentleman fUnted, and some thought that the body had really come 
to life. 



780. Af what does magnetism treat f 781. How many kinds of magnets aM 
there ? What are they ? 782. What is the native magnet ? What property 
does it possess ? 783. What is an artificial magnet ? Which magnet I" Pi[«; 
ferred, for all purposes of accurate experiment f 784. How can an artifleial 
magnet be made f 
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(or, Btill better, in a position slightly inclined to the perpendicular, 
the lower end deviating to the north,) and struck several smart 
blows with a hammer, it will be found to have acquired, by this 

Erocess, all the properties of a magnet j or, in other words, it will 
ecome an artificial magnet. 

785. The properties of a magnet are four ; namely. 
First, Polarity, — Second, Attraction of unmagnetic iron, 
— Tkird, Attraction and repulsion of magnetic iron, — 
Fourth, The power of communicating magnetism to 
other iron. 

786. By the polarity of a magnet is meant the prop- 
erty of pointing, or turning to the north and south poles. 
The end which points to the north, is called the north 
pole of the magnet, and the other the south pole. The 
attractive power of a magnet is strongest at the poles. 

787. When a magnet is supported in such a manner as to move 
freely, it will spontaneously assume a position directed nearly north 
and south. The end which points to the north, is called the north 
pole of the magnet ; and that which points to the south, is called 
the south pole. 

788. There are several ways of supporting a magnet, so as to 
enable it to manifest its polarity. First, by suspending it, accu- 
rately balanced, from a string. Secondly, by poising it on a sharp 
point. Thirdly, by placing it on a piece of cork, and thus making 
it float on water. 

789. Different poles of magnets attract, and similar 
poles repel each other."*^ 

790. A magnet, whether native or artificial, attracts iron or steel 
which has no magnetic properties ; but it both attracts and repels 
those substances, when they are magnetic ; that is, the north pole 
of one magnet will attract the south pole of another, and the south 
pole of one will attract the north of another ; but the north pole of 
the one repels the north pole of the other, and the south pole of one 
repels the south pole of another. 

791. If either pole of a magnet be brought near any small piece 

* There is here a close analogy between the attractive and repulsive powers 
of the diffbreut liinds of electricity, (that is, the positive and the negative,) aiMl 
the northern and aoaihern polarities of the magnet. The same law obtains 
with regard to both; namely, — between like powers tbare i» repulsion f fre- 
tween unlike, there is attraction. 

* - I ■ ■ ^LU I ^J I 

785. What is the first property of the magnet ? Second ? Third ? Fourth ? 
786. What is meant by the polarity of a magnet ? Where is the attractive 
power of the magnet the strongest f When will a magnet assume a position 
directed nearly north or south i What is the north polo of the magni*t i What 
is the south pole f In what ways can a magnet be sujiported so as to enable it 
to manifest its polarity. What is said in No. 790 with regard to the attrac- 
tion of magnets, whether native or artificial f What analogy is there between 
the attractive and rep9l8ive powers of the different kinds of elsctricity, and tha 
northern and southern polarities of the magnet f 
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of soft iron, it will attract it. Iron filings will also adhere in clus- 
ters to either pole. 

792. If the nortli pole of a magnet, held in the hand, be presented 
to the same pole of a magnet balanced on a point, or suspended bjr 
a string, it will repel it, — but it will aUract the opposite pole. 

793. A magnet may communicate its properties to 
other bodies. But these properties can be conveyed to 
no other substances than iron, nickel, or cobalt."^ 

All natural and artificial magnets, as well as the 
bodies on which they act, are either iron in its pure 
state, or such compounds as contain it. 

794. The powers of a magnet are increased by action, 

and are impaired and even lost by long disuse. 

796. When the two poles of a magnet are brought together, so 
that the magnet resembles in shape a horse-shoe, it is called a 
horse-shoe magnet, and it may be made to sustain a considerable 
weight by suspending substances from a small iron bar, extending 
from one pole to the other. This bar is called the keeper. A 
small addition may be made to the weight every day. 

796. Soft iron acquires the magnetic power very readily, and also 
loses it as readily, — but hardened iron or steel acquires the proper- 
ij with difficulty, but when it has acquired it, retains it perioK* 
nently. 

797. When a magnet is broken or divided, each part 

becomes a perfect magnet, having both a north and 

south pole. 

This is a remarkable circumstance, since the central part of a 
magnet appears to possess but little of the magnetic power, — but 
when a magnet is divided in the centre, this very part assumes the 
magnetic power, and becomes possessed, in the one part, of the 
north, and in the oUier, of the south polarity. 

798. The magnetic power of iron or steel resides 
wholly on the surface, and is independent of its mass. J 

* The accuracy of the above statement may, perhaps, be questioned, since 
Coulomb has discovered, that "■cUl solid bodies are susceptible of magnetic in- 
Jluenee." But the '•*■ influence^ is perceptible cMiiy by the nicest tests, and 
QOder peculiar circumstances. [See Electro-Magnetism.] 

t In this respect there is a strong resemblance between magnetism and elee- 
trieity. Electricity, as has already been stated, is wholly confined to the snr- 

793. Can a magnet cominunicate its properties to other bodies ? To what 
substances, only, can these properties be conveyed ? Of what substance are all 
natural and artificial magnets, as well as the bodies on which they act, com- 
posed f 794. How can the powers of a magnet be increased f 795. What is a 
horse-shoe magnet ? How can it be made to sustain a considerable weight ? 
What is this bar called f 796. How does soft iron differ from hardened iron, 
with respect to its acquiring and losing the magnetic power ? 797. What 
ellfect is produced when a magnet is broken or divided ? Why is this a re- 
markable circumstance ? 798. Where does the magnetic power of iron or st«el 
wholly reside f Note, In what particttlars do magnetism and electricity ps- 
sembleeach other? 

14* 
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799. Heat weakens, and a great degree of heat de* 
stroys the power of a magnet ; but the magnetic attrac- 
tion is not in the least diminished by the interposition of 
any bodies except iron, steel, &.c. 

800. Electricity frequently changes the poles of a magnet s and 
the explosion of a small quantity ofgunpowder, on one ofthe poles, 
produces the same effect. 

Electricity, also, sometimes renders iron and steel magnetic, 
which were not so before the charge was received. 

801. The effect produced by two magnets, used to- 
gether, are much more than double that of either one 

used idone. 

802. When a magnet is suspended freely from its 
centre, the two poles will not lie in the same horizontal 
direction ; one of them will incline towards the horizon, 
and the other will consequently rise; or, in other words, 
one end of the magnet will be higher than the other. 
This is called the inclination or the dipping of the 
magnet. 

jhee of bodies. In a |bw words, magnetism and electricity may be said to 
resemble each other in the following particnlarH. 

1. Each considts of two species, namely, tlie vitreous and the resinous (or, 
the positive and negative) electricliles ; aiid the northern and southern ^some- 
times called the Boreal^ and the Austral) polarity. 

2. In both magnetism and electricity, those of the same name repel and those 
of diflbrent names attract each other. [See No. 790.] 

8. The laws of induction in both are similar. 

4. The influence, in both cases, (hs has just been stated,) resides at the tur- 
faee^ and is wholly independent of their mass. 

But magnetism and electricity differ in the following particulars. 

1. Electricity is capable of being excited iu all bodies, and of being imparted 
to all, — Magnetism, with but few exceptions, resides in, and can be imparted 
only to iron, and its different compounds. [See note to No. 793.] 

2. Electricity may Ibe transferred from one body t» another; m which case 
the body from which it is transferred loses the whole or a portion of its electric- 
ity. Magnetism cannot be trausferreii in the same manner ; but it may be com- 
municated from a magnet to another piece of iron or steel, in which case the 
magnet employed lones no part of its own power. 

8. When an electrified body is divided near the middle, the two parts will 
possess the same kind of electricity which they had before the separation, — 
but when a magnet is divided, or broiien into any number of parts, each part 
will have both polarities, and become a perfect magnet. 

4. The directive property, or the property of turning toward the north and 
sonth poles, belongs to the magnet alone. 

m — — ^ ' — - 

Note, What is the first ? What is the second ? What is the third f What 
is the fourth ? In what particulars do magnetism and electricity differ from 
each other ? What is the first f What is the second f What is the third f 
What is the Iburth f 799. What effect has heat on the power ofthe magnet f 
By what is the magnetic attraction diminished f 800. What effect has electric- 
ity on the poles of a magnet ? What efTect has electricity, sometimes, on iron 
and stedf 801. What proportion do the effecu produced by two magnets, 
mied together, bear to that of either used alone. 802. What is meant by tha 
laelination or dipping ofthe magnet } 
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803. The magnet, when suspended, does not invaria- 
biy point exactly to the north and south points, but varies 
a little towards the east or the west* This variation 
diflfers at different places, at different seasons, ^nd at 
different times in the day. 

804. The science of magnetism has rendered immense 
advantages to commerce and navigation, by means of 
the mariner's compass. * The mariner's compass con- 
sists of a magnetised bar of steel, called a needU; having 
at its centre a cap fitted to it, which is supported on a 
sharp-pointed pivot fixed in the base of the instrument. 
A circular plate, or card, the circumference of which is 
divided into degrees, is attached to the needle, and 
turns with it. On an inner circle of the card the thirty- 
two points of the mariner's compass are inscribed, f 

805. The needle is generally placed under the card of a mariner's 
compass, so that it is out of sight; but small needles, used on land, 
are placed above the card, and the card is permanently fixed to the 
box. 

806. The north pole of a magnet is more powerful la 
the northern hemisphere, or north of the equator, and 
the south pole in the southern parts of the world. 

807. When a piece of iron is brought sufficiently near 
to a magnet, it becomes itself a magnet ; and bars of 

* Tbe invention of the mariner^a compasa is usually ascribed to Flavio de 
Melfl, or Flavio Gioia, a Neapolitan, about the year 1302. Some authorities, 
however, atiuert that it was brought from China, by Marcus Fauliia, a Venetian, 
tn 1260. The invention is also claimed both by the French and English. 

The value of this discovery may be estimated fVom the consideration, that, be- 
fore the use of the compass, mariners seldom trusted themselves out of sight of 
land } they were unable to make long or distant voyages, as they had no means 
to find their way back. This discovery enabled them to find a way where all 
is trackless, — to conduct their vesaela through the mighty ocean, out of the 
sight o]* land ; and to prosecute those discoveries, and perform those gallant 
deeds which have immortalized the names of Cook, of La Perouse, Vancouver, 
Sir Francis Drake, Nelson, Parry, Franklin, and others. 

t The compass is generally fitted by two seta of axes to an outer box, so that 
it always retains a horisontal position, even when the vessel rolls. When the 
artificial magnet or needle is kept thus fVeely auspended, so that it may turn 
north or south, the pilot, bv looking at its position, can ascertain in what 
direction his veasel is proceeding (See ITo. 786) ; and, although the needle varies 
a little firom a correct polarity, yet this variation is neither so great, nor so irreg- 
ular, as serioualy to Impair Its use as a guide to the vessel in its course over the 
pathless deep. 

803. Does the magnet, when suspended, invariably point exactly to the nortli 
and south points ? 804. What advantsge has the acienoe of magnetism render- 
ed to commerce and navigation i Of what doea the mariner*8 compaaa con- 
sist ? Note. To whom is the invention of the mariner's compass usually as* 
cribed ? How may the value of this discovery be estimated ? 806. Where are 
the north and south poles of a magnet the most powerAiI f 807. What eflRsct 
lias a magnet on a piece c^iron, whea it is broaglit sufficiently near to it f 
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iron, that have stood long in a perpendicular situation, 
are generally found to be inagnetical. 

808. Artificial magnets are made by applying one or more power* 
iul magnets to pieces of sofl iron. The end which is touched by 
the north pole, becomes the south i>ole of the new magnet, and that 
touched by the south pole, becomes the north pole^ The magnet 
which is employed in magnetising a steel bar loses none of its 
power by being thus employed ; and as the effect is increased when 
two or more magnets are used, with one magnet a number of bars 
may be magnetised, and then combined togeuier; by which means 
their power may be indefinitely increased. Such an apparatus is 
ealled a magnetic magazine. * 

809. A magnetic needle is made by fastening the steel on a piece 
of board, and drawing magnets over it from the centre outwards. 

810. A horse-shoe magnet should be kept armedj by a small piece 
of iron or steel, connecting the two poles. 

811. Interesting experiments may be made by a maj^net, even of 
no great power, with steel or iron filings, small nee<fles, pieces of 
ferruginous substances, and black sand, which contains iron. Such 
substances may be made to assume a variety of amusing forms and 
positions, by moving the magnet under the card, paper, or table, on 
which they are placed. Toys, representing fishes, frogs, &c., which 
are made to appear to bite at a hook, birds, floating on the water, 
&c. are constructed on magnetic principles, and sold in the shops. 

* There are many methods of making nrtiflcial magnets. One of the most 
simple and eUbctual consists in passing a strong honse-shoe magnet oyer bars 
ofeoft iron. 

In mailing bar (or straight) m8gnets,4he bars most lie laid lengthwise, on a 
flat table, with the marked end of one bar against the unmarknl end of the 
next ; and in making horse-shoe magnets, the pieces of steel previously beat 
into their proper form, must be laid with their ends in contact, so as to form a 
l^ure like two capital U's, with their tops Joined together, thus ci:? , observing 
that the marked ends come opposite to those which are not marked ; and then, 
in either case, a strong horse-shoe magnet is to be passed with moderate press- 
ure ov«r the bars ; taking care to let the marked end of this magnet precede, 
and its unmarked end fbllow it ; and to move it constantly oyer the steel bars, 
BO as to enter or commence the process at a mark, and then to proceed to an 
unmarked end, and enter the next bar at its marked end, and so proceed. 

After having thus passed over the bars ten or a dozen times on each side, and 
In the same direction, as to the marks, they will be converted into tolerably 
strong and permanent magnets. But if, after having co;i tinned the process for 
some time, the exciting magnet be moved even once over the bars in a contrary 
direction, or if its south pole should be permitted to precede, after the north 
pole has been first used, all the previously excited magnetism will disappear, 
and the bars will be iband in their original state. 

808. How are artificial magnets made f Does the magnet, which is employed 
in magnetitting a steel bar, lose any of its power by being thus employed f What 
is a magnetic magazine f 809. How is a magnetic ncMle made ' 810. What 
is said with regard to a horse-shoe magnet f How should a horse-shoe magnet 
be kept f 
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SECTION XIX. 
Electro - Magnetism, 

812. Electro-Magnetism treats of the combined pow- 
ers of electricity and magnetism. 

813. The passage of the two kinds of electricity, (namely, the 
positive and the negative,) through their circuit, is called the elec- 
trie currents; and the science of electro-magnetism explains the 
phenomena attending those currents. 

814. It has already been stated, that from the connecting wires 
of the galvanic circle, or battery, there is a constant current of elec- 
tricity passing from the zinc to the copper, and from the copper to 
the zinc plates. In the single circle these currents will be negative 
from the zinc, and positive from the copper; but in the compound 
circles, or the battery, the current of poisitive electricity will flow 
from the zinc to the copper, and the current of negative electricity 
from the copper to the zinc. ^See Kote 3d, to JVb. 763.] 

815. From the effect produced by electricity, on the majgnetie 
needle, it had been conjectured, by a number of eminent philoso- 
phers, that magnetism, or magnetic attraction is in some manner 
caused by electricity. In the year 1819, Professor Oersted of Co- 
penhagen, made the grand discovery of the power of the electric 
current to induce magnetism; thus proving the connexion between 
magnetism and electricity. 

816. In a short time afler the discovery of Professor Oersted, Mr. 
Farraday discovered that an electrical spark could be taken from a 
magnet ; and thus the common source of magnetism and electricity 
was fully proved. 

In a paper recently published, this distinguished philosopher has 
very ably maintained the identity of common electricity, voltaic 
electricity, magnetic electricity, (or electro-magnetism,) thermo- 
electricity, * and animal electricity. The phenomena exhibited in 

* In the year 1822, Professor Seebeck, of Berlin, discovered, that currents of 
electricity mijrht he produced by the partial application of heat to a circuit 
composed exclusively oT solid conductors. {See Galvaniam, No. 760.) The elec- 
trical current, thus excited, has been termed, TAenno-e/ec<ne,(rrom the Greek 
ThermoSj which signifies heat,) to distinguish it from the common galvanic 
current ; which, as it requires the intervention of a ^uid element, was denom- 
inated a Hydro-electric current. The term Stereo-electric current, has also been 

812. Of what does electro-magnetism treat .' 813. What is the electric cur- 
rent ? What does the science of electro-magnetism explain ? 814. What is the 
difference between the currents in the single and the compound circles i 816. 
What is it thought causes magnetic attraction f What discovery was made in 
the year 1813 f By whom i 816. What farther discovery was made soon alter, 
and by whom f What does this philosopher maintain f Note, In what way 
may currents of electricity l>e produced f What is the electrical current, thoa 
excited, termed ? ^How does this current differ (torn the common galvanic ciu^ 
rent f What oUier term has been applied to this current f 
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_. of electricity, difier merely in degree and the 
in the mctioo of the fluid. 



vftrr of Plrofessor Oersted has been followed out by 
^„_ , vho, br his mathematical and experimental researches, 
^ti t a lpd a tDe<x7 of the science less obnoxious to objections 
tiMt proposed by the Professor. 

sn^ Hie principal facts in connexion with the science 
«r dcctro-magoetism are, — 

1. l>at the electrical current, passing uninterruptedly* through a 
vire, ecHHMCting the two ends of a galvanic battery, produces an 
dtd vpoB the magnetic needle. 

^ list electricity will induce magnetism. 

X TiMt a magnet, or a magnetic magazine, will induce electri- 

4. T^at the combined action of electricity and magnetism, as de- 
scried in this science, produces a rotatory motion of certain kinds 
•f bodies, in a direction pointed out by certain laws. 

a. That the periodical variation of the magnetic needle, from the 
tFoe meridian, or, in other words, the variation of the compass is 
OMued by the influence of the electric currents. 

6. That the magnetic influence is not confined to iron, steel, &;c. 
(Ste Magnetismf Ab. 793,) but that most metals, and many other 
•ohsiances may be converted into temporary magnets by electrical 
action. 

7. That the magnetic attraction of iron, steel, &c. may be prodi- 
giously increased by electrical agency. 

appll^ to the rormer, in order to mark its being produced in systems formed of 
wikd bodies atone. It is evident tliat if, as is supposed in the theory of Ampere, 
iMfnela owe their peculiar properties to the continaal circulation of electric 
carrenls in their minute parts, these currents will come under the description of 
tlie *tereo-electrie currents. 

From the views of electricity which have now been given, it appears that 
tben are, strictly speaking, three Mtates of electricity. That derived from the 
common electrical machine is in the highest degree of tension, and ancumulntes 
mtil it is able to force its way through the air, which is a perfect non-conduc- 
tor. In the galvanic apparatus, the currents have a smaller degree of tension ; 
because although they pass freely through the metallic elements, they meet with 
soma impediments in trsveming the Jluid conductor. But in the thermo-electric 
currents, the tension is reduced to nothing ; because, throughout the whole 
course of the circuit, no impediment exists to its free and uniform circulation. 

* All the effects of electricity and galvanism, that have hitherto been describ 
•d, have been produced on bodies interposed between the extremities of con- 
ductors, proceeding from the positive and negative poles. It was not known, 
vntil the discoveries of Professor Oersted were made, that any eflfbct could be 
produced when the electric circatt is uninterrupted. 

How do the phenomena exhibited in these five kinds of electricity iltbr ? 
ITote. To what do magnets owe their peculiar properties f What follows from 
this f How many states of electricity are there f What is said of that derived 
firom the common electrical machine f What is said of that derived from the 
galvanic apparatus ? What is said of the thermo-electric currents .' 817. What 
■re the principal flicts in connexion with the science of electro-magnetism f 1. 
What Is the first f 2. What is the second f S. What is the third ? 4. What ia 
the fourth f 5. What is the fifth f 6. What Is the sixth ? 7. What is the 
seventh I Where have the bodies been supposed to be placed, in all the eflbcts 
of electricity and galvanism that have hitherto been described i 
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8. That the direction of the electric coirent may^ in all cases, be 
ascertained. * 

9. That magnetism is produced whenever concentrated electrici- 
iy is passed through space. 

10. That while in common electrical and roaffnetic attractions 
and repulsions, those of the same name are mutaally repulsive, and 
those of different names attract each other ; in the attractions and 
repulsions of dectric currents , it is precisely the reverse, the repul- 
sion taking place only when the wires are so situated that the cur- 
rents are in opposite oirectwn. 

818. A metallic wire, forming a part of a voltaic cir- 
cuit, exercises a peculiar attraction towards a magnetic 
needle. 

819. llltistration. If a wire, which connects the extremities of 
a voltaic battery, be brought over, and parallel with a magnetic 
needle at rest, or with its poles properly directed north and south, 
that end of the needle next to the negative pole of the battery will 
move towards the west, whether the wire be on one side of the 
needle or the other, provided, only, that it be parallel with it. 

820. Again : If the connecting wire be lowered on either side of 
the needle, so as to be in the horizontal plane in which the needle 
should move, it will not move in that plane, but will have a tenden- 
cy to revolve in a vertical direction ; in which, however, it will be 
prevented from moving, in consequence of the attraction of the 
earth, and the manner in which it is suspended. When the wire is 
to the east of the needle, the pole nearest to the negative extremity 
of the battery will be elevated ; and when it is on the west side, 
that pole will be depressed. 

821. If the connecting wire be placed below the plane in which 
the needle moves, and parallel with it, the pole of the needle next 
to the negative end of the wire will move towards the east ; and the 
attractions and repulsions will be the reverse of those observed in 
the former case. 

82S. The two sides of an unmagnetised steel needle 
will become endued with the north and south polarity, if 
the needle be placed parallel with the connecting wire 

* This is done by means of the maipietic needle. If a sheet of paper be placed 
over a horse-shoe magnet, and fine black sand, or steel filings, be dropped loosely 
on the paper, the particles 'will be disposed to arrange themselves in a regular 
order, and in the direction of curve lines. This is, undoubtedly, the effbct of 
some influence, vrhether that of electricity, or of magnetism alone, cannot at 
present be determined. 

8. What is the eighth fiict in connexion with the science of electro-magnet- 
ism f 9. What is the ninth f 10. What is the tenth f How can the direction 
of the electric current be ascertained .' What is stated in No. 818. 819. What 
iUostration of this is given i 820. What second illustration is given i In what 
direction will the pole of the needle next to the negative end of the wire move, 
If the connecting wire be placed below the plane In which the needle moves, 
and parallel with it .' 821. What is said with regard to the attractions and re- 
pulsions ? 822. How may the two sides of an unmagnetised steel needle be- 
come endued with the north and south polarity i 
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of a voltaic battery, and nearly or quite in contact with 
it. fiut if the needle be placed at right angles with the 
cooDectiDg wire, it will become permanently magnetic ; 
one of its extremities pointing to the north pole and the 
other to the south, when it is freely suspended and su 
fered to vibrate undisturbed. 

823. Magnetism may be communicated to iron n 
steel by means of electricity from an electrical machii 
but the effect can be more conveniently produced 
means of the voltaic battery. 

824. Illustration. If a heUx be formed of wire, and a bar o* 
be inclosed within tlie helix, the bar will immediately beconi- 
netic by applying the conducting wires of the battery to the < 
ities of the helix.* The electricity from the common c". 
machine, when passed through the heh'z, will produce ll. 
effect. 

If such a helix be so placed that it may move freely , 
made to float on a basin of water, it will be attracted an*. 
by the opposite poles of a common magnet. 

825. If a magnetic needle be surrounded h 
wire, covered with silk, a very minute portion 
tricity through the wire will cause the needle L 
from its proper direction. 

826. A needle thus prepared, is called an electro-map • 
plier. It is, in fact, a very delicate electroscope, or rat* 
ometeTf — capable of pointing out the direction of the < 
rent in all cases. 

827. The discovery of Oersted was limited to the • 
electric current on needles previously magnetised ; it v 
ascertained by Sir Humphrey Davy, and M. Arago ' 
ism may be developed in steel, not previously posses 

steel be placed in the electric current. Both of thest^ J 

independently of each other, ascertained that tlie "^ 

becoming a magnet, attracts iron filings, and coUeci 
acquire me diameter of a common quill ; but the mo- 

* The helix is a spiral line, or a line in the form of a corV _ .^ £•>. 

which forms the helix should be coated with some non-coii'' ___ 

such as silk wound around it *, as it may then be formed into ci< 
flufiering the electric fluids to pass from surface to surface, wu.v < 
iu effect. 



Under what circumstances will it become permanently mo, 
can magnetism be communicated to iron and steel ? How cait 
conveniently produced f 824. Whatillustrationof this is giv, 
the helix? Why should the wire, which forms the helix be »• 
non-conducting substance f What is said of a helix, if it be i»<- 
move freely ? 825. How can the magnetic needle be made it- 
proper direction? 826. What is a needle thus prepared calleu 
netlsm be developed in steel not previously possessing it ? W 
be placed ? What property has the uniting wire ? 
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nexion is broken, all the filings drop off; and the attraction dimin- 
ishes with the decaying energy of the pile. Filings of brass, or 
copper, or wood shavings, are not attracted at all. 

- 828. Among the most remarkable of the facts con- 
nected with the science of electro-magnetism, is what 
is called the electro-magnetic rotation. Any wire, 
through which a current of electricity is passing, has a 
tendency to revolve round a magnetic pole, in a plane 
perpendicular to the current ; and that without refer- 
ence to the axis of the magnet, the pole of which is 
used. In like manner, a magnetic pole has a tendency 
to revolve round such a wire. 

829. Illustration. Suppose the wire perpendicular, its upper end 
positive, or attached to the positive pole of the voltaic battery, and 
its lower end negative; and let the centre of a watch-dial represent 
the magnetic pole : if it be a north pole, the wire will rotate round 
it, in the direction that the hands move ; if it be a south pole, the 
motion will be in the opposite direction. From these two, the mo- 
tions which would take place if the wire were inverted, or the pole 
changed, or made to move, may be readily ascertained, since tiie 
relation now pointed out remains constant. 

830. Fig. 131 represents the ingenious apparatus, invented by 
M. Faraday, to illustrate the electro-magnetic rotation. The cen- 
tral pillar supports a 

piece of thick cop- Pig. isi. 

per wire, which, on 

the one side, dips 

into the mercury 

contained in a small 

glass cup a. To a 

pin at the bottom of 

this cup, a small 

cylindrical magnet 

is attached by a piece 

of thread, so that one 

pole shall rise a little 

above the surface of 

the mercury, and be 

at liberty to move 

around the wire. 

The bottom of the 

cup is perforated, and has a copper pin passing through it, which, 

touching the mercury on the inside, is also in contact With the wire 

that proceeds outwards, on that side of the instrument On the 

other side of the instrument, b, the thick copper wire, soon after 

turning down, terminates, but a thinner piece of wire forms a com- 

What follows, if the connexion be broken? Are filings of brass or wood 
attracted at all ? 828. What is the eleclro-raagnetic rotation ? 829. What 
Illustration is given? 830. What does Fig. 181 represent ? Explain tHe 

16 
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Fig. 132. 



maoieation between it and the mercury on the cup beneath. As 
ficedom of motion is regarded in the wire, it is made to communi- 
cate with the former by a ball and socket joint, the ball being held 
in the socket by a piece of thread , or else the ends are bent into 
hooks, and the one is then hooked to the other. As ^ood metallic 
oontact IS required, the parts should be amalgamated, and a small 
drop of mercury placed between them : the lower ends of the wire 
thoold also be amalgamated. Beneath the hanging wire, a small 
circular magnet is j6xed in the socket of the cup 6, so that one of 
.ts poles is a little above the mercury. As in the former cup, a me- 
tallic connexion is made through the bottom, from the mercury to 
the external wire. 

If now the poles of a battery be connected with the horizontal 
external wires, c c, the current of electricity will be through the 
mercury and the horizontal wire, on the pillar which connects them, 
and it will now be found, that the movable part of the wire will 
rotate around the magnetic pole in the cup 6, and the magnetic pole 
round the fixed wire in the other cup a, in the direction before 
mentioned. 

By using a very delicate apparatus, the magnetic pole of the 
earth maj be made to put the wire in motion. 

831. Fi^, 132 represents another ingenious con- 
trivance, invented by M. Ampere, for illustrating 
the electro-magnetic rotation -, and it has the ad- 
vantage of comprising within itself the voltaic com- 
bination which is employed. It consists of a cyl- 
inder of copper, about two inches high, and a little 
less than two inches internal diameter, within 
which is a small cylinder, about one inch in diam- 
eter. The two cylinders are fixed together by a 
bottom, havinff a hole in its centre, the size of the 
smaller cylinder, leaving a circular cell, which 
may be filled with acid. A piece of strong copper 
wire is fastened across the top of the inner cylinder, 
and from the middle of it rises, at a right angle, a 
piece of copper wire, supporting a very small metal 
cup, containing a few globules of mercury. A cyl- 
inder of zinc, open at each end, and about an inch and a quarter in 
diameter, completes the voltaic combination. To the latter cylinder 
a wire, bent like an inverted U, is soldered, at opposite sides: and 
in the bend of this wire a metallic point is fixed, which, when 
inserted in the little cup of mercury, suspends the zinc cylinder in 
the cell, and allows it a free circular motion. An additional point 
is directed downwards from the central part of the stronger wire, 
which point is adapted to a small hole at the top of a powerful bar 
inagnet. When the apparatus with one point only is charged with 
diluted acid, and set on the magnet placed vertically, the zinc cyl- 

How is the fireedom of motion, which is required on the wire, obtained f 
Bow can the naetallic contact which is required be obtained ? If the poles of a 
' lattery be connected with the horizontal external wires, c c, throughout, what 
direction will the current of electricity take i Round what pole will the movabto 
pturt of the wire rotate ? Round what will the magnetic pole rotate f 831 . 
Wbat does Fig. 132 represent f Of what do^ it consist i 
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inder revolves in a direction determined by the magnetic pole 
which is uppermost. With two points, the copper revolves in one 
direction, and the zinc in a contrary direction. 

832. [f, instead of a bar magnet, a horse-shoe magnet be employ* 
ed, with an apparatus on each pole, similar to that which has now 
been described, the cylinders in each will revolve in opposite diiec* 
tions. The small cups of mercury mentioned in the preceding de- 
scription are sometimes omitted, and the points are inserted in an 
indentation on the inverted U. 

833. Magnets of prodigious power have been formed 
by means of voltaic electricity. 

834. An electro-magnet was constructed by Professor Henry 
and Dr. Ten Eyck, which was capable of supporting a weight 
of 750 pounds. They have subsequently constructed another^ 
which will sustain 2063 pounds, it consists of a bar of soft 
iron, bent into the form of a horse-shoe, and wound with twenty-siaE 
strands of copper be 11- wife, covered with cotton threads, each thirty- 
one feet long ; about eighteen inches of the ends are left projecting, 
so that only twenty-eight feet of each actually surround the iron. 
The aggregate length of the coils is therefore 728 feet. Each 
strand is wound on a little less than an inch: in the middle of the 
horse-shoe it forms three thicknesses of wire ; and on the ends, or 
liear the poles, it is wound so as to form six thicknesses. Being 
connected with a battery consisting of plates, containing a little less 
tlian forty-eight square feet of surface, the magnet supported the 
prodigious weight stated above, namely, 20(33 pounds. Ihe eifectfl 
of a larger battery were not tried. 

835. It is seen, by what has just been stated, that 
magnetism, of great power, is induced by electricity. 
It remains now to be stated that electricity, of consid- 
erable power, can be elicited from a magnet. 

836. This discovery was made (as has already been stated) by 
^. Faraday. The experiment may be made in the following man- 
ner : Twelve sheer steel plates are to be connected in the form 
of a horse-shoe, with a keeper or lifter made of tjie purest soft iron. 
Around the middle of ihe keeper is a wooden winder, having about 
a hundred^yards of common thread bonnet wire, the two ends com- 
posed of four lengths of the wire twisted together, being carved out 
with a vertical curve of about three fourths of a circle ; one of these 
twisted ends passing beyond each end of the keeper, and resting on 
the respective poles of tlie magnet. A small wooden lever is so 
fixed as to admit of the winder and the keeper being suddenly sep- 

How will the cylinders in each revoWe, if; instead of a bar mBjgrnet, a horse- 
shoe magnet be employed, with an apparatus on each pole similar to that 
whirh liMS now been described f 833. How have magnets of j[reat power been 
formed ? 834. What weight was the magnet constructed by Professor Henry 
and Dr. Ten Eyck capable of supporting ? What weight will the one afte^ 
wards constructed sustain f Of what does it consist f 835. By what is mag- 
netism of great power induced f From what can electricity of considerable 
power be elicited f 836. By whom was this discovery made f How can 
the experiment be made ? 
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trated from contact with the magrnet, when a beautiful and brilliant 
epark is perceived to issue from the eztremitj of the wire which 
mat becomes separated from the magnet. By means of this electro- 
magnetic spark, ennpowder may be inflamed.* 

The science of electro- magnetism is yet in its infancy. The dis- 
coveries which have rewarded the labors of philosophical research 
are truly wonderful ; but man has as yet but lifled the veil, behind 
which the stupendous operations of nature are carried on. What 
wonders he will discover, should he penetrate the recesses of her 
laboratory, imagination cannot conceive. It would have excited no 
little surprise, among the philosophers of the last century, had the 
opinion been advanced, that electricity and magnetism are identical. 
Perhaps the future philosopher may surprise a generation not very 
distant, by the annunciation of the discovery, that attraction and 
repulsion of all kinds, are to be traced to a common source, — that 
the same influence which binds the particles of a grain of sand to- 
gether, is seen in the vivid flash which causes the ** lit lake to 
shine ; *' or heard in the " live thunder,*' as it leaps from peak to 
peak ; or known in the unerring guide which it furnishes the mari- 
ner in his course over the trackless deep ; and admired in the music 
of the spheres, as they harmtmiously roll in grand and magnetic 
course in the immeasurable regions of infinite space. 

* A magneto-electrical machine has been constructed by Mr. J. Sazton, an. 
ingenioQs mechanic of Ptiiladelphia, resident in London. A similar apparatus 
has been made by Mr. J. Lukens, of Philadelphia, in a very neat and portable 
form, and it serves to demonstrate the nature of the reaction between magnets 
and electrical currents. Messrs. A. •& D.^Davizi, of this city, have lately con 
■tructed an apparatus of the same kind, for Dr. Webster, Professor of Chemis 
try in Harvard University. 

Dr. Ritchie, Professor of Natural Philosophy in the University of London, has 
succeeded in an attempt to cause the continued rotation of a temporary maniet 
on Its centre, by the action of permanent magnets. This e/Tect is produced by 
suddenly changing the poles of the temporary magnet, and thus, at the proper 
moment, converting attraction into repulsion. 

Professor Henry, of Princeton, New Jersey, has constructed an apparatus for 
sxhibiting, in a temporary magnet, a reciprocating motion. The soft iro|ji mag- 
net, with its coils of wire, is suspended like the beam of a steam engine, on an 
axis, and furnished with projecting wires, which dip into mercurial cups, con- 
nected with a voltaic battery at each end of the apparatus. The wires are so 
arranged as to change the poles of the soft magnet at every alternation in ths 
movement. Each end of the soft iron bar plays between the poles of a perma- 
dent magnet, curved into an elliptical form; and as it dips into the mercurial 
cup below, its polarity is changed, and it is repelled. A vigorous action is thus 
kept up, which is limited only by the durability of the materials in the galvanic 
circuit, and their power of furnishing a supply of electricity. 

JVb(«. Who has sncceeded In an' attempt to catise the continued rotation of a 
temporary magneto How is this effect produced f 
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SECTION XX. 

Astronomy* 

837. Astronomy treats of the heavenly bodies, such 
as the sun, moon, stars, comets, planets, &c. 

838. The earlh on which we live is a large globe, or ball, nearly 
eight thousand miles in diameter, and about twenty-five thousand 
miles in circumference. It is known to be round,— ;/Er«f, because it 
casts a circular shadow, which is seen on the moon, during an 
eclipse ; secondly y because the upper parts of distant objects on its 
surface can be seen at the greatest distance ; thirdly, it has been 
circumnavigated. It is situated in the midst of tlie heavenly bodies, 
which we see around us at night, and forms one of the number of 
those bodies ; and it belongs to that system, which, having the sun 
for its centre, and being influenced by its attraction, is called the 
solari system. 

839. The solar system consists of the sun, which is in 
the centre ; 

Of seven primary planets, named Mercury, Venus, 
the Earth, Mars, Jupiter, Saturn, and Herschel ;t 

Of four Asteroids, or smaller planets, namely, Ceres, 
Pallas, Juno, and Vesta ; 

Of eighteen secondary planets or moons, of which 
the Earth has one, Jupiter four, Saturn seven, and 
Herschel six ; and 

Of an unknown number of comets. 

840. The stars, which we see in the night time, are supposed to 
be suns, surrounded by systems of planets, &.c. too distant to be 
seen from the earth. Although they appear so numerous on a 

* It is proper liere to remark, that many of the branches of Natural Philoso- 
phy require in the student an intimate acquaintance with the principles of 
maikematieal science. This is particularly the case with astronomy. As 
this book is designed for iliose who have made tittle progress in the math* 
ematics, the following treatise on astronomy contains those facts and prin- 
clples only of the science which are intelligible, without the aid of mathe> 
matlcal light. 

t The word solar means belonging to the sun. 

t This planet is sometimes called Uranus, and sometimes the Georglam 
fiidns. 

I — 

837. Of what does astronomy treat ? 8S8. What is said of the earth i 
Bow is the earth known to be round? How is it situated? 839. Of what 
does the solar system consist i 840. What are the stars supposed to be ? 
Bow many are Tisible on a bright night, unassisted by glasses i 

15* 
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bright night, yet there are never more than a thousand visible to 
the sight, unassisted by glassps. 

84 J . Among the stars that are visible on a clear night may be 
■een a number which are called planets, * (mentioned m JVb. 839.) 
The planets may be distinguished from the stars by their steady 
li^ht ; while the stars are constantly twinkling. The planets, like- 
Wise, appear to change their relative places in the heavens, while 
those luminous bodies which are called fixed stars appear to pre- 
ierve the sbme relative positioh. 

842. The sun, the moon, the planets, and the fixed stars, which 
appear to us so small, are supposed to be large worlds, of various 
sizes, and at different but immense distances from us. The reason 
that they appear to us so small is, that on account of their immense 
distances thev are seen under a small angle of vision. [See Jfo. 
652.] 

843. It has been sUted in the first part of this book, (See Ms. 
64, 55 and 56,) that every portion of matter is attracted by every 
other portion, — and that the force of the attraction depends upon 
the quantity and the distance. As attraction is mutual, we find thai 
all of the neavenly bodies attract the earth ; and the earth, like- 
wise, attracts all of the heavenly bodies. It has been proved, (see 
JVoj. 152 and 157,) that a body when actuated by several forces will 
not obey either one, but will move in a direction between them. It 
is so with the heavenly bodies, — each one of them is attracted by 
everjr other one ; and these attractions are so nicely balanced by 
creative wisdom, that, instead of rushing together in one mass, they 
are caused to move in regular paths, (called orbits,) around a central 
bod^; which being attracted in different directions, bv the bodies 
which revolve around it, will itseG* revolve around the centre of 

Smvity of the system. Thus, the sun is the centre of what is called 
e solar system, (see Jfa. 839,) and the planets revolve around it 
in difierent times, at diiferent aistances, and with different veloci 
ties. [See JVo. 93.] 

844. The paths or courses in which the planets move 
around the sun are called their orbits. 

845. In obedience to the universal law of gravitation, or gravityi 
the planets revolve around the sun as the centre of their system ; 

• The meaning of the word planet !• properly a wanderer, or a toandering 
atar. These luminaries were so called because they never retain the same alta- 
ation, bat are constantly cbanginf their rIslHtive positions ; while those stars 
whlcti appear to retain their places are called fixed stars. The cause of the 
motion of the planeu will be presently explained. 

841. How may the planets be distinguished from the stars .' How are ths 
plaueu distinguished (torn the fixed stars i Note. What is (he meaning of the 
word planet f Why are they called planets f What are the fixed stars f 842. 
What are the suu, moon, planets, and fixed stars supposed to be f Why do 
they appear so small .' 843. Whnt has been stated with regard to the attnic* 
tion of portions of matter f Upon what force does this attraction depend f 
What follows from attraction being mutual f What direction do bodies take 
when actuated by several ftirceti f Is this true with regard to (he heavenly 
bodies i What is the centre uf the solar system f What is said of the revolu- 
tion of the planets ' S44. What are the paths, in which (he planets move 
around the sun, called ? 845. Around what do the planets revolve f 



ASTRONOMY. 1T5 

«iid the time that eaoh one takes to perform an entire revolution is 
called its jear. Thus, the planet Mercury revolves around tlie sun 
in 87 of our days. Hence, a year on that planet is equal to 87 days. 
The planet Venus revolves around the sun in 224 days. That is, 
therefore, the length of the year of that planet. Our earth revolvei 
around the sun in about 365 days and 6 hours. Our year, there- 
fwCf is of that length. 

846. The length of time that each planet takes in 
performing its revolution around the sun, or, in other 
words, the length of the year on each planet, is as fol- 
lows. {The fractional parts of the day are omitted.) 

Dav«. Dayt. Day*. 

Mercury 87 Vesta 1,325 Jupiter 4,332 

Venus 224 Juno 1,592 Saturn 10,759 

Earth 365 Ceres 1,681 Herschel 30,686 

Msrs 686 Pallas 1,666 

847. The mean distance * of each of the planets from 
the sun is expressed as follows, in millions of miles. 

Millioaa. Milliona. Mil Hon*. 

Mercury 36 Vesta 225 Jupiter 495 

Venus 68 Juno S64 Saturn 908 

The £arth 95 Ceres 263 Herschel 1,827 

Mars 145 Pallas 264 

848. While the planets revolve around the sun, each 
also turns around upon its own axis, and thus presents 
each side successively to the sun. 

849. The time in which they tarn upon their axes is called their 
day, and is thus expressed in hours and minutes : 

Mercury 24 5 Vesta (unknoum) Jupiter 9 55 
Venus 23 20 Juno 27 (probably.) Saturn 10 16 
Earth 23 56 Ceres (nnknoum.) Herschel (unknown,) 
Mars 24 39 Pallas (unknown.) 
The Sun turns on its axis in about 25 days and 10 hours. 

* The paths or orbits of the planets are not exnctly circular, but elliptics]. 
They are, therefore, sometimes nearer to the sun than -at others. The mean 
distance is the medium, between their greatest and least distance. Those plan- 
eta which are nearer to the sun than the earth is, are cuiled inferior pluneCs, 
becaune their orbits are within that of (he earth, — and thone whicii are ftirther 
from the sun are called superior planets, because their orbits are outside that of 
the earth. 

What is a year on each planet ? How long is the year of the planet Mer- 
cury i How long is the planet Venus performing her revolution around the 
■an ? How long is the Earth in performing her revolution around the Sun ? 
S46. What is the length of the year on the planet Mercury f Venus ? Earth f 
Mars? Vesta? Juno? Ceres? Pallas? Jupiter? Saturtr? Herschel? 
Ifote. Of what (brm are the orbits of tlie planets ! What is meant by the mean 
distance ? What phtiiets are called Inferior? Why ? What planets are called 
Buoerior ? Why ? 847. What is the d»6tan^ of the planet Mercury from the 
Bun > Venus ? Earth ? Mars ? Vesta ? Juno f Ceres ? Pall>ui ? Jupiter ? 
Saturn ? Herschel ? 848. Have the planets any motion beside iliat around the 
■un ? 849. What is the time in which they turn upon their n.\e» called ! What 
is the length of a day on the planet Mercury ? Venns t Earth ? Mars ? Vesta? 
Juio ? Ceres ? Pallas ? Jupiter f Saturn ? Herschel ? 
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850. The relative size of the bodies belonging to the 
solar system, as expressed by the length of their diame- 
ters, is as follows : 



Miles. 

The Sun 877,547 


Mars 


Milet. 

4,222 


Pallas ^ 


Milet. 

2,025 


Mercury 2,084 


Vesta 


269 


Jupiter 


86,255 


Venus 7,(121 


Juno 


1,393 


Saturji 


81,954 


Earth 7,924 


Ceres 


1,582 


Herschel 


34,363 


The Moon 2,180 











851. Fig. 133 is a representation of the comparative size of the 
planets. The following illustration of the comparatiye size and 



Fig. 133. 




Hersclfl 






distance of the bodies of the solar system is given by Sir J. F. W. 
Herschel. On a well levelled field place a globe, two feet in diam- 
eter, to represent the Sun ; Mercury will be represented by >a grain 
of mustard seed on the circumference of a circle 164 feel in diam- 
eter for its orbit ; — Venus, a pea, on a circle 284 feet in diameter; 
the Earth, also a pea, on a circle of 430 feet ; Mars, a rather large 
pin*8 head, on a circle of 654 feet ; Juno, Ceres, Vesta and Pallas, 
grains of sand, in orbits of from lUOO to 120U feet ; Jupiter, a mod- 
erate sized orange, in a circle nearly half a mile in diameter ; — 
Saturn, a small orange, on a circle of four fiflhs of a mile in diam- 
eter, and Herschel a full-sized cherry or small plum, upon the cir- 
cumference of a circle more than a mile and a half in diameter. 

" To imitate the motions of the planets in the above mentioned 
orbits, Mercury must describe its own diameter in 41 seconds ; Ve- 
nus in 4 minutes and 14 seconds, the Earth in 7 minutes. Mars in 4 
minutes and 48 seconds, Jupiter in 2 hours 56 minutes, Saturn in 3 
hours 13 minutes, and Herschel 12 hours 16 minutes." 

860. What is the diameter of the Bun f Mercury ? Venus ? Earth t Mars f 
Veata f Juno f Ceres f Pallas f Jupiter ? Saturn f Herschel ? The Mood f 
161. What does Fig. 133 represent f What Illustration of the compHratiye «tze 
and distance or the bodies of the solar system is giyen f What is necessary In 
order to imitate the motions of the planets in the above mentioned orbits } 
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852. The ecliptic is the apparent path of the sun, or 

the real path of the earth. 

It is called the ecliptic, becaase every edipse, whether of the sun 
or the moon, must be upon it. 

853. The zodiac is a space or belt, 16 degrees broad, 
8 degrees each side of the ecliptic. 

854. It is called the zodiac j from a Greek word, which signifies 
an animal f because all the stars in the twelve parts into which tlie 
ancients divided it, were formed into constellations, and most of 
the twelve constellations were called afler some animal.* 

The zodiac is divided into twelve signs, each sign containing 
thirty degrees of the great celestial circle. t The names of these 
si^ns are sometimes given in Latin, and sometimes in English. 
They are as follows ; 

Latin. English. Latin. English. 

1 Aries, The Ram. 7 Libra, The Balance. 

8 Taurus, The Bull. 8 Scorpio, The Scorpion. 

3 Gemini, The Twins. 9 Sagittarius, The Archer. 

4 Cancer, The Crab. 10 Capricornus, The Goat. 

5 Leo, The Lion. 11 Aquarius, The Water-bearer. 
C Virgo, The Virgin. 12 Pisces, The Fishes. 

855. The orbits of the other planets are inclined to 
that of the earth ; or, in other words, they are not in 
the same plane. 

* Sir J. F. W. Herachel, in his excellent treatise on Astronomy, says : " Un 
couth figures and outlines of men and monsters, are usually scribbled OTer 
celestial globes and maps, and serve, in a rude and barbarous way, to enable u« 
to talk of groups of stars, or districts in the heavens, by names which, though ah~ 
■unl or puerile in their origin, have obtained a currency, from which it would be 
difficult, and perhaps wrong, to dislodge them. In so ikr as they have really 
(as seme have) any slight resemblance to the figures called up in imagination by 
a view of the more splendid * constellations.* they have a certain convenience; 
but as they are otherwise entirely arbitrary, and correspond to no natural sub- 
divisions or groupings of the stars, astronomers treat them lightly, or altogether 
disregard them, except fbr briefly naming remarliable surs; as ^Jfpha LeoniSt* 
^ Beta Scorpii^^ dec, by letters of the Greek alphabet attached to tliem. 

**This disregard is neither supercilious nor causeless. The constellations seem 
to have been almost purposely named and delineated to cause as much confli- 
aion and inconvenience as possible. Innumerable snakes twine through long 
and contorted areas of the heavens, where no memory can follow them ; bears, 
lions, and fishes, large and small, northern and southern, conflise ail nomencla- 
ture, &,c. A better system of constellations might have been a material help aa 
an artificial memory." 

t Owing to the precession of the equinoxes, the stars which were formerly in 
the sign called Aries, are now in the one called Taurus, ice, 

852. What is the ecliptic ? Why is it called the ecliptic ? 353. What is the 
BOdlac ? 854. Why is it called the zoiiiac ? What are the names of the twelve 
constellations ? How many degrees does each sign contain i 855. Are the 
orbits of the other planets in the same plane with that of the earth i 
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eSU. f^. 134 repreaenbi an oblique liew of the pUne of the eclip- 
tic the oibitaofJl the primary plEinals, and of the comet of IGtXI. 
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the orbit of each planet where it crosfles the ecliptic, or, in other 
words, where the white and dark lines in the figure meet, are called 
the nodes of the planet. [From the Latin nodus, a knot or tie.] 

857. Fi^. 135 represents a section of the plane of Fig* 135. 
the ecliptic, showing the inclination of tlie orbits of 
the planets. As the zodiac extends onlj eight de- 
grees on each side of the ecliptic, it appears from the 
figure that the orbits of some of the planets are whol- 
ly in the zodiac, while those of others rise above 
and descend below it. Thus, the orbits of Juno, Co- 
red, and Pallas rise above, while those of all the oth- 
er planets are confined to the zodiac. 

858. When a planet or heavenly body is in that part 
of its orbit which appears to be near any particular 
constellation, it is said to be in that constellation. 
Thus, in Fig. 134, the comet of 1680 appears to ap- 
proach the sun from the constellation Leo; 

859. The perihelion* and aphelion* of 
d heavenly body express its situation with 
regard to the sun. When a body is nearest 
to the sun, it is said to be in its perihelion. 
When farthest from the sun, it is said to be 
in its aphelion. [See note to JVb. 847.] 

The earth is three millions of miles nearer to the 
sun in its perihelion, than in its aphelion. 

860. The apogee * and perigee * of a heav- 
enly body express its situation with regard 
to the earth. When the body is nearest to 
the earth, it is said to be in its perigee ; 
when it is farthest from the earth, it is said 
to be in its apogee. 

* The plaral of Perihclibn ia Perihelia^ and of Aphelion is 
Aphelia. When a planet is so nearly on u line with the earth 
and the sun as to i)ass between them, it is said to be in its infe- 
rior conjunction /'when behind the sun, it is said to be in its 
superior conjunction ; but when behind the earth, it is said to 
be in opposition. The words perihelion^ aphelion-, apogee and 
perigfCf are derived from the Greek language, and have the 
following meaning : 

Perihelion, near Ihe sun. 
Aphelion, /rom the sun. 
Perigee, near the earth. 
Apogee, from the earth. 

856. What does Fig. 134 represent i What are the nodes of a pinnrt f 857 
What does Fig. 135 represent f 858. When is a planet said to be in any par 
ticular constellation ? 859. What do the perihelion and aphelion of a heavenly 
body express ? When is a body said to be iu its perilielion f When is a body^. 
said to I>e in its aphelion i How much nearer is the earth to the sun in its peri- 
helion than its aphelion f Note. When is a planet said to be in its inferior con- 
junction ? When is it said to be in its superior conjunction i When is it said 
to he in opposition ? 860. What do the apogee and perigee of a heavenly body 
express f When is a body said to be in its perigee f When is it said to be In 
its apogee f 




180 NATURAL PHILOSOPHY. 

861. The perihelia of the planets, or parts of their or- 
bits in which they are nearest to the sun {see noieio JVo, 
847) are in the following signs of the zodiac : — Mercu- 
ry in Sagittaritis, — Venus in Aquarius, — the Earth in 
Capricomus, — Mars in Virgo , — Vesta in Cancer, — 
Juno in Scorpio, — Ceres in Pisces, — Pallas in Aqwi- 
rius, — Jupiter in Libra, — Saturn in Capricomus, — 
and the Georgium Sidus in Aries, ^ 

862. The axes of the planets in their revolution 
around the sun, are not perpendicular to their orbits, 
nor to the plane of the ecUptic, but are inclined in difler- 
ent degrees. {See J^Tos. 868 and 871.] 

This is one of the most remarkable circumstances in the science 
of Astronomy, because it is the cause of the difl^rent seasons, spring, 
summer, autumn, and winter; and because it is also the cause of 
the difference in the length of the days and nights in the difierent 
parts of the world, and at the different seasons of the year. 

863. The motion of the heavenly bodies is not uni- 
form. Their velocity is different in different parts of 
their orbits. They move with the greatest velocity when 
they are in perihelion, or in that part of their orbit 
which is nearest to the sun ; and slowest when in aphe- 
lion, 

864. It has been proved by Kepler that when a body moves around 
a point to which it is attracted, a line t drawn from the point to the 

* The BigiM of the Zodiac and the various bodies of the Solar system, are of- 
ten represented in almanacs and astronomical works, by signs or characters 
In the following list the characters of the planets, dec. are represented. 

© The Sun. ® The Earth. J Ceres. 

C The Moon. ^ Mars. $ Pallas, 

g Mercury. jHf Vesta. 3^ Jupiter. 

5 Venus. Q Juno. Q Saturn. 

]^ Herschel. 

The following characters represent the signs of the Zodiac. 
y Aries. 23 Cancer. :£fc Libra. ))o Capricornus. 

y Taurus. SI Leo. Til Scorpio. «» Aquarius. 

D Gemini. Tl]^ Virgo. 4^ Sagittarius. X Pisces. 

From an inspection of the figure, it appears, that when the earth, as seen from 
the snn, is in any particular constellation, the sun, as viewed from the earth, will 
appear In the opposite one. 

f This line is called the raditu vector. 

861. In what signis the perihelion of the planet Mercury? Venus? Earth? Mars? 
Vesta? Juno? Ceres? Pallas? Jupiter? Saturn? Georgium Sidus ? 862. What 
is said with regard to the axes of the planets in their revolution around the sun? 
What does this inclination of their axes cause ? 663. What is said with regard 
to the motion of the heavenly bodies ? When do they move with the great^t 
velocity ? When is their motion the slowest ? 864. What is Kepler^s law ? 
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body passes oirer equal areas in equal times. This is called Kep- 
ler's law. 

865. Illustration. In Fig. 136, let S represent the Sun, and E the 
Earth; and the ellipse, or oval, be the earth's orbit, or path around 
the sun. B^ lines drawn 

from the sun at S to the Fig. 136» 

outer edge of the figure, 
the orbit is divided into 
twelve areas (or parts) of 
different shapes, but each 
containing the same 
quantity of space. Thus, 
the spaces E S A, A S B, 
D S F, &c., are all sup- 
posed to be equal. Now 
if the earth, in the space 
of one month, will move 
in its orbit from £ to A, 
it will, in another month, 
move from A to B, and 
in the third month from 
1} to G, &c., and thus 
will describe (or rather 
more properly speaking, 
pass by) equal areas m 
equal times. p 

The reason why the 
earth (or any other heav- 
enly body) moves with a 
greater degree of velocity in its perihelion, than in its aphelion, ma/ 
likewise be explained by the same figure. Thus,— 

The earth, in its progress from F to L, being eonslantly actuated 
by the sun's attraction, must, (as is the case with a stone when 
falling to the earth,) (see Jfo. 129,) move with an accelerated mo- 
tion. At L, the sun's attraction becomes stronger, on account of 
the nearness of the earth ; and, consequently, in its motion from L 
to £, the earth will move with greater rapidity. At E, which is 
the perihelion of the earth, it acquires its greatest velocity. Let ns 
now detain it at E, merely to consider the direction of the forces by 
which it is actuated. If the sun's attraction could be destroyed, the 
force which has carried it from L to E, would carry it off in the 
dotted line from E to G, which is a tangent to its orbit. But while 
the earth has this tendency to move towards G, the sun's attractiom 
is continually operating with a tendency to carry it to S. Now, 
when a body is actuated by two forces, (see Jfo, IdS,) it will move 
between them; but as the sun's attraction is constantly exerted, 
the direction of the earth's motion will not be in a straight line, the 
diagonal of one large parallelogram, but through the diagonal of a 
number of infinitely small parallelograms; which, being united, 
form the curve line £ A. 

865. Illustrate this by Fig. 136. Explain, by Fig. 136, the reason wh** the 
earth, or any other heavenly body, movee with a greater degree of velool Qr ta 
Its perihelion than in its aphelion. 

16 
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Ttwlhin»een,thit, while Uie earth is moTinjt from L ti 
.tlmcUon of Ihe aun i» elronger than m bo? otner part of 
•^ will caiuM tlie earth to move rapidly. Uut in itt raot 
B to A, from A to B, from B to C, and from C to F, the a 
of the .un, operating in an oppo.ite dijeclion. will """ ''^ --r-i-r- 
ftom the enn to be retarded, until, at F-^he dirrel»n of t. motK^ 
texeraed, and it begioa agam lo "PF"-'^^ the aun Thus ,1 app«« 
that, in ta pisBBge ftom the penhelmn to the aphelion, the raobOB 
Xie earth, oT^n aa that of all U.e hea.enlj bodi™,' mort be con- 
S.S5, related ; while, in moving ftom their aphel«,n » P^"bel.ojv 
it i. <i™tanUy accelerated ; and at their perihelion, their velocitj 
wai be the greatert. The earth, therefore, « abool seven d^ 
longer in performing the aphel.on part -^f '"""''• ^"''" '^'^ 
Wtbe perihelion part; and the revolutioii of all the other pUneU 
k^OK thTreanll of the aame canae, la aflected m the aame maDoer 
H that of the earth. 

866. The earth is about three millioaa of milea oesrer 
to the Bun in winter than in summer. 

967. The beat of aummer, therefore, cannot be caused bj tbe 
Bear approach of the earth to the eun. 

Hbow and ioa ne»er melt on the lopa of high mountains ; and 
IbeT who bBTe ascended in Ihe atmosphere, in baJloona, hase foand 
Ik^ the etJd iocreaBPfl aa ihey rise. 

868. On account of the inclination of the earth's 
mxis, (»ee Ab. 8G2,) the rays of the sun fall more or less 
obliquely on diflferent parts of the earth's surface, at dif- 
ferent Beaflons of the year. The heat ia always the 
greatest when the sun's rays fall verHcaily, that is, per- 

Gndicularly ; and the more obliquely they fall, tlie leas 
ttt they appear to posaeaH. 

This is the reason whj tbe days are hottest in aommer, although 
du earth i> farther from the san at that time. , . , , 

SeS. EltutTOtUm. Fig. 137 repreaenla the manner in which tbe 
imja of the aun fall upon the earth in aummet and in winter. The 
■orth pole of the earth , at all seasons, coaslantl j points lo the north 
itar N; and when the earth ia nearest to the sun, tbe cava from tiK 
■in (ill aa indicated by W, in the figure ; and as their ilirection is 
Tory oblique, and they have a larger portion of the atmosphere to 
»ra»era»,n>nohof Iheii power is lost. Hence we have cold weather 
when the earth ia neatest to the sun. But when the earth is in aphe- 
lioa,lhe rays tUl almost tetlically, or perpend icolailj, as repie- 

mm periWto" "• «l*«- 
alloD.' Wbcn 1> Lhiir 
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rented by S, in the figure ; and, altbougii the earth is then nearly 
three millions of miles farther from the sun, the heat is fveatest, b*> 

Fig. 187. 




eanse the rajs fall more directly, and have a less portion of tJi^ 
atmosphere to traverse.* 

870. For a similar reason, we find, even in summer, that early 111 
the morning, and late in the afternoon, it is much cooler than at 
noon, because the sun then shines more obliquely. The heat it 
generally the matost at about three o'clock in the aflemoon ; be- 
cause the earth retains its heat for some^ length of time, and the ad- 
ditional heat it is constantly receiving from the sun, causes all 
elevation of temperature, even afler the rays begin to fall more 
obliquely. 

It is the same cause which occasions the variety of climate ill 
different parts of the earth. The sua always shines in a direction 
nearly perpendicular, or vertical, on the equator ; and with difierent 
degrees of obliquity on the other parts of the earth. For this reason, 
the greatest degree of heat prevails at the equator during the whole 
year. The farther any place is situated from the equator, th^ 
more obliquely will the rays fall, at different seasons of .the jear ; 
and, consequently, the greater will be the difference in the tem- 
perature. 

* This may be more familiarly ezpkdned, by comparing Mimmer taya to a 
ball, or atone, thrown directly at as object, so as to strike it with all its fbres) 
and winter rays to the same Iwll or atone, thrown obliqnely, so aa merely te 
graze the ol|)ect. 



How ie the earth situated with regard to its distance from the son In winter f 
What illustration of oblique and perpendicular rays is given in the note f 
870. Why is it generally cooler early in the morning and late in the aftemooa 
than at noon ? Why is the heat the greatest^ at about three oVIocX ? What 
causes the variety of climate in difft^rent parts of the earth i Where does the 
sun always shine in a vertical direction ? 
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871. If the axis of the earth were perpendicular to its orbit, those 
parts of the earth which lie under the equator would be constantlr 
opposite to the sun ; and as, in that case, the sun would, at all 
times of the year, be verticaJ to those places equally distant fVom 
both poles, so the light and heat of the sun would be dispersed with 
perfect uniformity towards each pole : we should have no variety 
of seasons : day and night would be of the same length ; and the 
heat of the sun would be of the same intensity every day throughout 
the year. 

872. It is, therefore, as has been stated, owing to the inclination 
of the earth's axis, that we have the agreeable variety of the sea* 
sons, days and nights of different lengths, and that wisely ordered 
variety of climate, which causes so ereat a variety of productions, 
and which has afforded so powenul a stimulus to human in- 
dustry.* 

873. In order to understand the illustration of the causes of the 
seasons, &c., it is necessary to have some knowledge of the circles 
which are drawn on the artificial representations oAhe earth. It is 
to be remembered that all of these circles are wholly imaginary; 
that is, that there is on the earth itself no such circles or lines. 
They are drawn on maps merely for the purpose of illustration. 

874. Fig. 136 represents the earth. N S is the axis, or imaginary 
line, around which it daily turns ; N is the north pole, S is the south 
pole. These poles, it will be seen, 
are the extremities of the axis, N S. 
C D represents the equator, which 
is a circle around the earth, at an 
equal distance from each pole. — 
The curved lines proceeding from 
N to S, are meridians. They are 
all circles surrounding the earth, 
and passing through the poles. — 
These meridians may be multiplied 
at pleasures' 

The lines E F, I K, L M, and 
G H, are designed to represent cir- 
cles, all of them parallel to the 
equator, and for this reason they 
are called parallels of latitude. These also may be multiplied at 
pleasure. 

* The wiidom of Providenoe is flrequently displayed in apparent inconsisten- 
eies. Thus, the very eircaoistance which, to the shortsighted pbtloeopher, 
appears to have thrown an insarmoantable barrier between the scattered por- 
tions of the hnman race, has been wisely ordered, to establish an interchange of 
bleeaiDga, and to bring the ends of the earth in communion. Were the same 

E reductions found in every region of the earth, the stimulus to exertion would 
e wealtened, and the wide field of human labor would be greatly diminiaheil. 
It is oar mutual xoantt which bind us together. 




871 What would fbllow were the axis of the earth perpendicular to its or- 
bit f What causes the variety of the seasons, the different lengths of days and 
nights, &c.f 473. What is necessary in order to understand the illustration of 
tbe causes of the seasons.^ Explain Fig 138. What are the poles f 
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But in the figure, these lines, which are parallel to the equator, 
and which are at a certain distance from it, nave a diffi^rent naoM, 
derived from the manner in which the sun's rays fall on the suifaoe 
•f the earth. 

. Thus the circle I K, 23| decrees from the eqoatoFyis called the 
tropic of Cancer,* and the circle L M is called the tnmc of Capri- 
corn. The circle E F is called the Arctic Circle. It repitsenti 
the limit of perpetual day, when it is summer in the northern heat- 
isphere, and of perpetual night when it is winter. 

The circle G H is the Antarctic Circle, and represents the limit 
of perpetual day and night in the southern hemisphere. The line 
L K, represents the circle of the ecliptic, which, (as has already 
been stated in No. 852.) is the apparent path of the sun, or the rwM 
path of the earth. This circle, altliougn it is generally drawn en 
the terrestrial globe, is, in reality, a ciicle in the heavens ; and dif- 
fers from the zodiac only ia its width, — the xodiac extending eight 
dejrrees on each side of the ecliptic. {See J\fo, 852.] 

075. Fig. 139 represents the manner in which the sua shiaet «n 

Fig. 139. 
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' * Ttm on tbe 31st of March, (he raye of the mo ftll vertcially on the ef«a 

Why ia the circle I K called the tropic of Cancer f What is the meaninff i«t 
Ibe word tropic f Why is the circle L M culled the tropic of Capricorc r 
WhRt are the tropicn f What is the circle E F called ? What does it repf 
sent f What is the circle 6 H called ? What 4oea It replEese^t * Whf^t d^M 
Fig. 138 represent i Explain the figure. 

16* 
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flw earth in dilferent parts of its orbit; or, in other words, the 
cause of the change in the seasons. 8 represents the sun, and the 
dotted oval, or ellipse, A B C D, the orbit of the earth. The outer 
circle represents the zodiac, with the position of the twelve si^ns or 
constellations. On the 21st of June, when the earth is at D, the 
whole northern polar region is continuallv in the light of the sun. 
As it turns on its axis, therefore, it will be day to ail the parts 
which are exposed to the li^ht of the sun.* But, as the whole of 
the Antarctic Circle is within the line of perpetual darkness, the 
can can shine on no part of it. It will, therefore, be constant night 
to all places within that circle. As the whole of the Arctic Circle 
is within the line of perpetual light, no part of that circle will 
be turned firom the sun while the earth turns on its axis. To 
all fdaoesy therefore, within the Arctic Circle, it will be constant 
day. 

On the 2^ of September, when the earth is at C, its axis is nei- 
ther inclined to, nor from the son, but is sideways ; and, of course, 
while one half of the earth, from pole to pole, is enlightened, 
the other half is in darkness, as would be the case if its axis 
were perpendicular to the plane of its orbit ; and it is this which 
causes the days and nights, of this season of the year, to be of equal 
length. 

On the 23d of December, the earth has progressed in its orbit to 
B, which causes the whole space within the northern polar circle to 
be continually in darkness, and more of that part of the earth north 
of the equator to be in the shade than in the light of the sun. 
Hence, on the 21 st of December, at all places north of the equator, 
the days are shorter than the nights, ano at all places south of the 

tor, and on each sacceeding day on places a little to the north, until the 2lBt of 
June, when they full vertically on places 28^ degrees north of the equator. 
Their vertical direction then iam» bacic again towards the eqaator, where 
the rays again fall vertically on tlie 2Sd of September, and on the sacceedlng 
davs a little to the south, until the 21st of December, when they fall vertl. 
eally on places 23^ south of the equator. Their vertical direction thfn again 
tum» toward the equator Hence the circles I K and L M are called the 
tropica of Cancer aud Capricorn. The word tropic is derived fh)m a word 
which signifies to turn. The tropics, therefore, are the boundaries of the sun^ 
apparent path north and south of the equator, at the lines at which the son 
f urna back. 

* Day and night are caused by the rotation of the earth on its axis every 24 
hours. It is day to that side of the earth which is towards the sun, and night to 
»e opposite side. The length of the days is in proportion to the inclination of 
the axis of the earth totoardt the sun. It may be seen by the above Hgnre, that 
in snmmer, the axis is most inclined towards the sun, and then the days are tbs 
longwt. As the Nonh pole becomes less inclined, the davs shorten, till, on the 
Slst December, it is inclined 23J'> from the sun, when the days are the short- 
est. Thus, as the earth progresses in its orbit, aOer the days are the shortest, It 
Changes its inclination toward the Sun, till ii is again Inclined as in the longest 
days In the summer. 



Explain, by the figure, the situation of the earth on the 21st of June. What 
cansM day and night f To what part of the earth is it day ? To what part is 
It night ? To what is the length of the day in proportion ? When are the day* 
the longest ? Why .' When are they (he shortest f Why .' BxpUin liy the 
figure the siloatiou of the earth on the 22d of September. On the 23d of Do- 
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equator, Ibe days are longer than the nights. Hence, also, within 
the Arctic Circle it ia aninterrapted tii^ht, the sun not sliining at 
all ; and within the Antarctic Circle it ia aninterrapted day, the 
Bun shining all the time. 

On the 20th of March, the earth haa advanced still farther, and is 
at A, which causes its axis, and Ihe length of the days and nights 
to be the same as on the 2Uth of Septemoer/ 

876. From the explanation of figure 139, it appears that there are 
two parts of its orbit in which the days and nights are equal all over 
tlie earth. These points are in the sign of Aries and Libra, which 
are therefore called tlie eqainoxes. Aries is the vernal (or spring) 
equinox, and Libra the autumnal equinox. 

877. There are also two other points called solstices, because the 
sun appears to stand at the same heig/U in the heavens, in the raid- 
die ofthe day, for several days. These points are in the signs Can- 
cer and Capricorn. Cancer is called the summer solstice, and Cap- 
ricorn the winter solstice. 

878. The sun is a spherical body, situated near the 
centre of gravity, of the system of planets of which our 
earth is one. 

879. Its diameter is 877^47 English miles; which is equal to 100 
diameters of the earth ; and, therefore, his cubic magnitude must 
exceed that ofthe earth one million of times. It revolves around its 
axis in 25 days and 10 hours. This has been ascertained by means 
of several dark spots which have been seen with telescopes on its 
surface. 

* As the difTerence in the length ofthe days and the nights, and the change of 
the seavona, Hce. on the earth- in causetl by the inclination of the earthen axis, It 
Ibilows that all the iiianebs who«e a\etf are inclined, must e.\perience the same 
Tlciisaitude; and that it raunt l>e In itropnrtinu to the degree nf the Inclination 
of their axes. As the axis of the planet Jupiter is nearly perpendicular to its 
orbit, it follows that there can be liitle variation In the length of the day», and 
little change in the seasons of that planet. 

Tliere can be little doubt that liie sun, the planets, stars, Ac. are all of them 
Inhabited ; and although it may be thonglit that some of them, on account of 
their Immense distance from the >*un, experience a great want of light and heat, 
while others are so near, and the heat, consequently, so great that water can- 
not remain on them in a fluid state, yet, aa we see, even on our own earth, that 
creatures of different nature live in liiflfhrent elements, as for inNtance, fl!»h«« in 
water, animals in air, &.C. creative wisdom couki, umloubtedly, adapt the being 
to its situation, and with as little exertion of power, form a race whose nature 
should be adapted to the nearest, or the moMt remote of the heavenly bodies, as 
was required to adapt the fowls to the air, or the fishes to the sea. 

On the 20th of March. What (hllowa firom the changes on the earth, caused 
by the iucliuaiion of the earth^s axis i In what proportion are thetie changes f 
What la said of the axis of the planet Jupiter f Is is supposed that the sun, 
planets and stars are inhabited f What is shown by Fig. 139 f Wliere are 
these points.' What are they called ? Wliich is Ihe vernal equinox f Which 
the autumnal ! What (Hher two pointH are there t Why are they called sol- 
stices f Where ar^ these ftoints .' Which is the summer solritlce? Which the 
winter i 878. What ii> saiii of the sun i What is its diameter ? How mudi 
does ito ewbic magnitude exceed that ofthe earth ? How long is it in perfbrm- 
iJl!g its revolution around iu axis ? How has this been ascertained f 
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880. Or. Hersclip] siippoied the greater number of spots on the 
sun to be mountains } soine of which he estimated to be 300 miles 
m height 

881. It is probable that the son, like all the other heavenly bod« 
ies (excepting perhaps coinets) is inhabited by beings whose nature 
is adapted to their peculiar circumstances. 

882. Although, by some, the sun is supposed to be an immense 
ball of fire, on account of the effects produced at the distance of 
ninety-five millions of miles, yet many facts show that heat is pro- 
ducd by the sun's rays, only when they act on a suitable medium. 
Thus, snow and ice remain during the year, on the tops of the 
highest mountainsi even in climates where the cold of our winters 
is never known. 

883. The audiacal light is a singular phenomenon, accompanying 
the sun. It is a faint light which often appears to stream up from 
the sun a little afler sunset and before sunrise. It appears nearly in 
the form of,a cone, its sides being somewhat curved, and generally 
but ill defined. It extends oflen from 50^ to 100^ in the heavens, 
and always nearly in the direction of th6 plane of the ecliptic. It is 
most disimct about the beginning of March ; but is constantly visi- 
ble in the torrid zone. The cause of this phenomenon is not 
known. 

884. In almftnacsj, the sun is asually represented by a small cir- 
cle, with the face of a man in it, thus : Q 

885. Mercury is the nearest planet to the sun, and is 
seldom seen ; because his vicinity to the sun occasions 
his being lost in the brilliancy of the sun's rays. 

886. The heat of this planet is so great that water cannot exist 
there, except in a state or vapor ; and metals would be melted. The 
inienseness of the sun's heal, which is in the same proportion as its 
light, is seven times greater in Mercury than on the earth ; so that 
water there would be carried off in the shape of steam ; for, by ex- 
periments made with a thermometer, it appears that a heat seven 
times greater than that of the sun*s beams in summer, will make 
water boil. 

887. Mercury, although in appearance only a small star, emits a 
bright white light, by which it may be recognized when seen. It 
appears a little before the sun rises, and agam a little after sunset, 
but as its angular distence from the sun never exceeds 23 degrees, 
ft is never to be seen longer thaa one boar and fifly minutes afVer 
aunset; nor longer than Uiat time before the sun rises. 

8S0. What did I>r. Hersohel soppoM tbeM spate to be ^ 883. Wbat is the 
SEodlacal ligllt f Al what time Is ft most disiinet i Where is it oonstaiicly 
Visible f 88tf. What planet )■ newest to tfao suii I Why is it seldom seen f 
What is said of the h«Nt of this planet f How much greater is the sun^s h«at 
In Mercury than on the earth f In what ftntn does water exist in Mercury ? 
How can Mercnry be wcosufawd when mmum? At what lime does it ap> 
fiear? 
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88d. When Tiewed through a good telescope, Mercury appears 
with all the various phases, or increase and decrease of light with 
which we view the moon ; except that it never appears quite full, 
because its enlightened side is turned directly towards the earth, 
only when the planet is so near the sun as to be lost to our sight 
in its beams. Like that of the moon, the crescent or enlightened 
side of Mercury is always toward the sun. As no spots are com- 
monly visible on the disk, the time of its rotation on its axis is un- 
known. 

889. Venus,^ the second planet in order from the sun, 
is the nearest to the earth, and on that account appears 
to be the largest and most beautiful of all the planets. 
During a part of the year it rises before the sun, and it 
is then called the morning star ; during another part of 
the year it rises afler the sun, and it is then called (he 
evening star. The heat and light at Venus are nearly 
double what they are at the earth. 

890. Venus, like Mercury, presenu to us all the appearances of 
increase and decrease of light common to the moon. Spots are also 
sometimes seen on its surface, like those on ihe sun. By reason of 
the ^reat brilliancy of this planet, it may sometimes be seen even in 
the day Ume, by the naked eye.f But it is never seen late at night 
because its angular distance from the sun never exceeds 45 degrees. 
In the absence of the moon it will cast a shadow behind an opake 
body. 

891. Both Mercury' and Venus sometimes pass directly between 
the sun and the earth. As their illuminated surface is toward the 
sun, their dark side is presented to the earth, and they appear like 
dark spots on the sun's disk. This is called the transit of these 
planets. 

892. The earth is the ne.xt planet, in the solar sys- 
tem, to Venus. It is not a perfect sphere, but its figure 

* Bv the ancient poeta, Venos was called Phospkoti or Lucifer^ when it ap 
peared to the west of the sun, at which time it is morning star, and ushers in 
the light or day ; and Hesperus or Vesper ^ when eastward of the sun, or eveuing 
star. 

t The reason why we cannot see the stars and planets in Ihe day time, is, 
that their light is so faint, compared with the li^t of the son reflected by oar 
atmosphere. 

888. How does Mercury appear when viewed through a telescope ? 889. 
What planet is nearest to the earth t When is Venus called the mwiu 
ing star i When is it called th^ evening star ? How much greater are the 
heat and light at Venus than that at the earth f What name was given by 
the ancient poets, to Venos, when morning star ? What, when evening star f 
Wh It iff the greatest distance at which the planets. Mercury and Venus, can 
ever appear from the sun ? What is meant by the transit of Uiese. 

niaueta ? What is said of the different appearances which Venus presents f 
Why can we not see ihe planets and stars in the day time ? 892. What planet 
ia next to Venus i What is the form of the earth ? 
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IS that of an oblate spheroid, the equatorial diameter be- 
ing about 34 miles longer than its polar diameter. 

893. It is attended bv one moon, tlie diameter of which is about 
two' thousand miles. Its mean distance from the earth is aboa| 
940|000 miles, and it turns on its axis in precisely the same time 
that it performs its revolution round the earth \ namely, in 29 days 
and a half. 

894. The earth, when viewed from the moon, exhibits 
precisely the same phases that the moon does to us, but 
in opposite order. When the moon is full to us, the 
earth will be dark to the inhabitants of the moon ; and 
when the moon is dark to us, the earth will be full to 
them. The earth appears to them about IS times larger 
(ban the moon does to us. As the moon, however, 
always presents nearly the same side to the earth, there 
is one half of the moon which we never see, and which 
cannot see the earth. 

895. Next to the earth is the planet Mars. It is con- 
spicuous for its fiery red appearance ; which is supposed 
to be caused by a very dense atmosphere. 

When this planet approaches any of the fixed stars, they change 
their color, erow dim, and often become totally invisible. This is 
supposed to be caused by his atmosphere. The decree of heat and 
light at Mars is less than half of that received by the earth. 

896. The four small planets or asteroids, Vesta, Juno, Ceres and 
Pallas, have all been discovered witliin the present century. Vesta 
was discovered by Dr.Olbers, of Bremen, in 1807. Its light is pure 
and white. Juno, by Mr. Harding, near Bremen, in 1804. Its 
color is red, and its atmosphere appears cloudy. Pallas was dis- 
covered by Dr. Olbers in 1802. It appears to have a dense, cloudy 
atmosphere. Ceres was discovered at Palermo, in Sicily, by Piazzi| 
in 1801. It is of a ruddy color. All of these small planets undergo 
various changes in appearance and size, ho that their real magiii> 
tucv is not ascertained with any certainty : and but little is knowa 
©fthem.* 

* It iaa remarkable fact, that certain Irre^larities. observed in the motions 
or the okl planets, induced Bome asirnnnraera to suppose that a planet existed 

How much larger is its eqaatorfal diameter than its polar f 893. How many 
moons lias the earth f What is the diameter of the moon ? What is its distance 
firom t1ie earth f Wbat-is the length of a day at the moon ? How long Is it in 
perlbrminf it« revolution around the earth > 894. What phases does the earth, 
w*en viewed (W>m the moon, exhibit ? How much Jar^er does the earth appear 
than the moon? 805. What planet is ne^t to the earth f What renders it con- 
spicnooii f What is supposed to cause this appearance } How much more light 
and heat does the e^th enjoy than Mars > 696. When were the asteroids dis. 
enrmred f By whom, and in what year was Vesta discovered f What is the 
color of Its light ? By whom and when was Juno discovered ? What is the 
color oflte fight ? When was Pallas discovered ? By whom ? What is said of 
its atmosphere f When and by whom was Ceres discovered I What is its color ? 
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897. Jupiter is the largest planet of the solar system, 
and it is the most brilliant, except Venus. The heat 
and light at Jupiter is about 26 times less than that at 
the earth. This planet is attended by four moons, or 
satellites ; the shadows of some of which are occasion* 
ally visible upon his surface. 

8d8. The distance of those satellites fVom the planet are two, fouc^ 
six and twelve hundred thousand miles, nearly. 

The nearest revolves around the planet in less than two days; 
the next in less than four days; the thiid in less than eight dajs; 
and the fourth in abotU sixteen days. 

899. These four moons must aobrd considerable light to the in- 
habitants of the planet; for the nearest appears to them four times 
the size of our moon ; the second about the same size ; the third 
somewhat less, and the fourth about one third the diameter of ous 
moon. 

900. As the axis of Jupiter is nearly perpendicular to its orbit, it 
has no sensible change of seasons. 

901. The satellites of Jupiter often pass behind the body of the 
planet, and also into its shadow, and are eclipsed. These eclipses 
are of use in ascertaining the longitude of places on the earth. By 
these eclipses also, it hta been ascertained that light is about 8 
minutes in coming from the sun to the earth. ' For, an eclipse of 
one of these satellites appears to us to take place 16 minutes sooner, 
when the earth is in that part of its orbit nearest Jupiter, than when 
in the part farthest from that planet. Hence, light is sixteen min« 
ntes in crossing the earth*s orbit, and, of course, half of that time, 
or 8 minutes, in coming from the sun to the earth. 

908. When viewed through a telescope, several belts or bands 
are distinctly seen, sometimes extending across his disk, and some- 
times interrupted and broken. They differ in distance, position, 
and number. They are generally dark ; but white ones have been 
seen. 

903. On account of the immense distance of Jupiter from the sun, 

between the orbits of Mars and Jupiter ; a sapposition that arose l<Hig previous 
to the diseovery of the four new planets Just noticed. The opinion has been 
advanced, that these four small bodies originally composed one larger one. 
which, by some unknown force or convulsionf burst asunder. This opinion is 
maintained with mudi ingenuity and plausibility by Dr. Brewster, in the Edin- 
burgh Encyclopedist Jrt. Astbomomt. Pr. Brewstwr further supposes, that 
the bursting of this planet may have occasioned the phenomena of the meteoric 
atones } that is, stones which have fallen on the earth fi*om the atmosphere. 



What is said in the note with regard to these planets^ 897. Which of ths 

Slaaets is the largest f How much more light and heat does the earth eqjoy 
lian Jupiter f How many moons has this planet? 898. What is the distance 
of these moons Hrom the planet f In what time do they perform their revolu- 
tions around the planet ? How does the size of these moons compare with that 
<tf ours f 900. Why has Jupiter no sensible variety of seaaons i 901. Of what 
Qse are the eclipses of Jupiter's moons f How long is light in coming from Iha 
•on V) the earth i How has this bees ascsrtainsd ? Hsw dosa Jnpiler appear 
when viewed throu|^ a teleacope f 
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A tko flow Mercurj, Venus, the Earth and Mars, obscryers on 
fwiler with eyes like ours, can never see either of the above- 
nomed planets, becanse they would always be immersed in the sun'a 

fAVS 

904. Saturn is the second in size and the last but one 
in distance from the sun. The degree of heat and 
Ji<rht at this planet is eighty times less than that at the 

earth. 

Q(^, Saturn is distinguished from the other planets by beingr 

encompassed by two large luminous rings, one exactly without or 

bejODQ the other. They reflect the sun's li^ht in the same manner 

u his moons. They are entirely detached from each other and 

ffom the body of the planet. They turn on the same axis with the 

planet, and in nearly the same time* The edge of these rings is 

constantly at right angles with the axis of the planet. Stars are 

gometimes seen between the rings, and also between the inner ring 

nod the body of the planet. The breadth of the two rings is about 

the same as their distance from the planet, namely, 21,000 miles. 

As they cast shadows on the planet, Dr. Herschel thinks them 

solid. 

QOG. The surface of Saturn is sometimes diversified, like that of 
Jupiter, with spots and belts. Saturn has seven satellites, or moons, 
levolving around him at different distances and in various times, 
ffom less than one to eighty days. 

907. Saturn may be known by his pale and steady light. The 
seven moons of Saturn, except one, revolve at difierent distances 
around the outer edge of his nngs. Dr. Herschel saw them moving 
along it, like bright beads on a white string. They do not often 
safier eclipse by passing into the shadow of the planet, because the 
ring is generally in an oblique direction. 

908. Herschel, the third in size, is the most remote 

of all the planets. It is scarcely visible to the naked 

eye. The light and heat at Herschel are about 560 

times less than that at the earth. 

909. This planet was formerly considered a small star ; but Dr. 
Herschel, in 1781, discovered, &om its motion, that it is a planet. 
He modestly gave it the name of Georgium Sidus, or the Georgiam 

* These rings move together around the planet, but are about thirteen min- 
uUe longer in performing their revolution about him, than Saturn is in revolv- 
ing about his axis. 

904. How does Saturn compare in size with the other planets } 905. How is 
gaturn distinguished fl*om the other planets i What is said of these rings ? How 
jBOch longer are these rings in performing their revolution around the planet than 
the planet is in performing its revolution on its axis f What is the breadth 
of these rings f 806. What is said of the sur&ce of Saturn f How many moons 
fcya gatarn f 907. How may Saturn be known f What is said of the moons 
of Saturn i Why are they not often eclipsed i 908. How does Herschel com- 
Mre In size with the other planets ? How does the light and heat at Herschel 
eompsre with that of the earth f 909. By whom was thin r^'aet discovered f 
What name did he give It ? 
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star, in honor of his king, George the Third. On the continent of 
Europe it is called Uranus. 

910. Herschel is attended by eix moons, or satellites, all of which 
were discovered by Dr. Herschel; and all of them revolve in orbitg 
nearly perpendicular to that of the planet. Their motion is appat' 
enUy retrograde ; but this is probably an optical illusion, arising 
from the difficulty of ascertaining which part of their orbit incUaet 
towards the earth, and which declines from it* 

911. It is a singular circumstance, that, before the discoTery of 
Herschel, some disturbances and deviations were observed by as- 
tronomers in the motions of Jupiter and Saturn, which they could 
account for only on the supposition that these two planets were 
influenced by the attraction of some more remote and undiscovered 
planet. The discovery of Herschel completely verified their opin- 
ions, and shows the extreme nicety with which astronomers observe 
the motions of planets. 

912. The word comet is derived from a Greek vord, 
which means hair; and this name is given to a numer- 
ous class of bodies, which occasionally visit, and appear 
to belong to the solar system. These bodies seem to 
consist of a nucleus, attended with a lucid haze, some- 
times resembling flowing hair ; from whence the name 
is derived. Some comets seem to consist wholly of this 
hazy or hairy appearance, which is frequently called 
the tail of the comet. 

913. In ancient times, the appearance of comets was regarded 
with superstitious fear, in the belief that they were Uie forerunners 
of some direful calamity^ These fears have now been banished| 
and the comet is viewed as a constituent member of the sys- 

* It appears to be a general law of mtellitM, or moons, that tkep turn an 
their axes in the same time in which they, revolve around their jrimarits. On 
this account, the inhabitants of secondary planets observe some singular appear- 
ances, which the inhabitants of primary planets do not. Those who dwell on 
the side of a secondary planet next to the primary, will always see that prima- 
ry } while those who live on the opposite side will never see it. Those who 
always see the primary, will see it constantly In very nearly the same'plaoe. 
For example, those who dwell near the edge of the moon's disk, will always 
see the earth near the horizon, and those in or near the centre, will alwaye see 
it directly or nearly over head. Those who dwell in the moon's south limb^ 
will see the earth to the northward ; thoee In the north limb will see It to the 
southward ; those in the east limb will see it to the westward *, while thow In 
the west limb will see it to the eastward ; and all will see it nearer the horlion 
in propOTtlon to their own distance from the centre of the moon's disk. Bimilar 
appearances are exhibited to the inhabitanu of all secondary planeu. 

910. How many moons has Herschel I By whom were th'ey discovered f 
How are their orbits situated, with regard to that of fhs planet f - What is said 
of their motion f Noie, What appears to be a general law of satellites ? What 
fbllowB (Vom this with regard to the appearances which the inhabitanu of the 
•eeondary planets must observe f 912. What is the meaning of the word 
eometf To what class of bodies is this name glTenf Ofwhat do these bodies 
appear to coaslst * 

17 
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tern, ffovemecl by the same harmonious and unchanjring laws which 
leffulate and control all the other heavenlf^ bodies. 

914. OometSi in moving, describe long narrow ovals. They ap- 
proach very near the sun m one of the narrow ends of these ovals ; 
and when a comet is in the other, or opposite end of its orbit, its 
distance ^om the sun is immensely great. 

915. The extreme nearness of approach to the sun gives to the 
comet, when in perihelion, a swiflness of motion prodigiously great. 
Newton calculated the velocity of the comet of 1680 to be 8S),000 
miles an hour. This comet was retnarkable for its near approach to 
the sun, being no further than 580,000 miles from it, which is bat 
little more than half the sun's diameter. Brydone calculated that 
the velocity of a comet, which he observed at Palermo, in 1770, 
was at the rate of two millions and a half of miles in an hour. 

916. The luminous stream, or tail, of a comet, follows it as it 
approaches the sun, and goes before it when the comet recedes 
mm the san. Newton, and some other astronomers, considered 
the tails of comets to be vapors, produced by the excessive heat of 
the sun. Of whatever substance they may be, it is certain that it 
18 very rare, because the stars may be distmctljr seen through it. 

917^. The tails of comets differ very greatly in lengrth, and some 
are attended apparentlv by only a small cloudy light, while the 
length of the tail of otners has been estimated at from 50 to 80 
millions of miles, t 

* Tlie number of comets that have OGcasionally appeared within the limits 
of the solar system ia varioiuly stated, from 850 to 600. The paths or cnrbits of 
about 98 of these have been calculated from obsenration of the times at which 
tiiey most nearly approached the sun ; their distance from it, and from the 
earth, at those times ; the direction of their movements, whether from east to 
west, or from west to east ; and the places in the starry sphere at which their 
orbits crossed that of the earth, and their inclination to it. The result is, that, 
of these 98, 24 passed between the Sun and Mercury, S3 passed between Mer- 
cury and Venus, 21 between Venus and the Earth, 16 between the earth and 
Mars, 8 between Mars and Ceres, and 1 between Ceres and Jupiter; that 50 of 
these comets moyed from east to west ; that their orbits were inclined at 
every possible angle to that of the earth. The greater part of them ascended 
above the orbit of the earth, when very near the sun ; and some were observed 
to dash down from the upper regions of space, and, after turning round the sod, 
to mount again. 

f It has been argued that conMts consist of very little solid substance, be- 
cause, although they sometimes approach very near to the other heavenly 
bodies, they appear to exert no sensible attractive force upon those bodies. It 
is said that. In 1464, the- moon was eclipsed by a comet. The comet must, 
therefore, have been very near the earth ; (less than 240,000 miles yet it pro- 
duced no sensible efibct on the earth or the moon ; for it did not cause them to 
make any perceptible deviation from their accustomed paths round the son. 
It has beeen ascertained that comets are disturbed by the gravitating power of 
the planets, but it does not appear that the planets are in like manner aflfbcted 
by comets. 

^[ote. What Is the numb«r of comets that have occasionally appeared ! 
What discoveries have been made concerning 98 of them f What Is the result ? 
914. What is the form of the orbits of comets ? 916. What is said of the mo- 
tion of comets when in perihelion ? What did Newton calculate the velocity 
of the comet in 1680 to be in an hour ? For what was this comet remarkable ? 
916. What is said of the luminous stream of a comet as it approaches and re- 
cedes from the son f What did Newton, and some other astronomers, consider 
the tails of comets to be f What is said in the note with regaid to comeu f 
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918. The stars are classed into six magnitudes : the 
largest are of the first magnitude, and the smallest that 
can be seen by the naked eye, are of the sixth. Those 
stars which can be seen only by means of telescopes, 
are called telescopic stars. 

919. The distance of the fixed stars cannot be determined, be- 
cause we have no means of ascertaining the distance of any body 
which exceeds 200 thousand times that of tiie earth from the sun. 
As none of the stars come within that limit, we cannot determine 
their real distance. It is generally supposed that a part, if not all, 
of the difference in their apparent magnitudes is owing to the differ- 
ence in their distance, the sitaallest being farthest off.* 

920. Although the stars g^enerally appear fixed, they all have 
motion ; but their distance being so immensely great, a rapid motion 
would not perceptibly change their relative situation in two or three 
thousand jears. Some have been noticed altematelj to appear and 
disappear : several that were mentioned by ancient astronomers, are 
not now to be seen ; and some are now observed, which were un- 
known to the ancients. 

921. Many stars which appear single to the naked eye, when 
viewed through powerful telescopes, appear double, treble, and even 
quadruple. Some are subject to variation in their apparent magni- 
tude ; at one time being of the second, or third, and, at another, of 
tlie fifth or sixth magnitude. 

922. The Galaxy, or Milky Way, is the name given to a 
remarkably light broad zone, visible in the heavens, pass- 
ing from north-east to south-west. It is supposed to con- 
Many comets escape obaenration, because they trayene that part of the 
heavens only which is above the horizon in the day time. They are, therefore^ 
lost in the brilliancy of the sun, and can be seen only when a total eclipse of the 
sun takes place. Seneca, 60 years before the Christian era, states that a larva 
eomet was actually observed very near the san, daring an eclipse. 

Dr. Halley and Profeuor Encke and Biela are the first astronomers that ever 
sncoessfliUy predicted the return of a comet. The periodical time of Bailey's 
comet is (Ufout 76 years. It appeared last in the fall of 1 8S5 : that of Encke Is 
about 1200 days ; that of Biela about 6f years. This last comet appeared in 
18S2 ; its next appearance will be in 18S8. 

The comet of 1758, the retarn of -which was predicted by Dr. Halley, wss 
regarded with great interest by astronomers, beeauae itt return vmu pre" 
dieted. But four revolutions before, in 1456, it was looked upon with the 
Qtmost horror. Its long tail spread consternation ovw all Europe, ahready ter^ 
rifled by the rapid success of the Turkish arms. Pope CalUxtus, on this occa- 
sion, ordered a prayer, in which both the comet and the Turks were included in 
one anathema. 

" The distance of the stars, according to Sir J. Herschel, cannot be so muUl 
as 19,300,000,000,000. How much larger It may be we know pot. 

Who were the first astronomers that successftilly predicted the return of a 
eomet? What is the periodica! time of Halley's comet? OfEncke^s? Of 
Biela's? 918. Into how muiy msgnitndes are the stars classed ? Of what 
magnitude are the largest f Of what are the smallest f What are teleacopio 
stars f 919. Why eannot the distance of Ihe fixed stars be determined f To 
what is the diflbrenoe in their apparent msgnitudes supp^ised to he owing f 
930. Have the stars any motion i 922. What Is the Oslv^^y/ 
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JBist of an immense number of stars, which, from their 
apparent nearness, cannot be distinguished from each 
other. 

923. Dr. Herschel saw, in the course of a quarter of an hoar, the 
■atonishing number of 116,000 stars pass through the field of his 
telescope, while it was directed to the milky way. 

924. The ancients, in reducing astronomy to a science, formed 
the stars into cbattrs, or constellations* to which they gave partic- 
ular names. 

925. The number of constellations among the ancients was about 
fifty. The moderns have added about fifty more.t 

ySG. On a celestial globe, the largest star in each constellation is 
miually designated by the first letter of the Greek alphabet ; and the 
next largest by the second, &c. When the Greek alphabet is ez 
hausted, the English alphabet, and then numbers, are used. 

927. The stars, and other heavenly bodies, are never seen in their 
true situation, because the motion of light is progressive; and, 
daring the time that light is coming to the earth, the earth is con- 
stantly in motion. In order, thererore, to see a star, the telescope 
must be turned stfmewhat before the star, in the direction in which 
the earth moves. [Ses Resultant Motion, Jfo. 192.] 

Hence, a ray of light passing through the centre of the telescope, 
to the observer's eye, does not coincide with a direct line from his 
eye to the star, but makes an angle with it; and this is termed the 
aberration of light.t 

928. On account of the dally rotation of the earth on its axis, the 

•m 

* Hie names of the algOB of the zodiac have already been Kiven. (See No, 
S54.) It remahm to be obaervedf that each constellation is about 90 degrees, or 
a sifo, eastward of the sign of the same name. For example, the constellation 
Aries is S0« eastward of the sign Aries, and the constellation Taurus SO** east- 
ward of the sign Taurns, and so on. Thus the sign Aries lies in the constella- 
tion Pisces; the sign Taurus in the constellatiOh Aries *, the sign Gemini in the 
constellation Taunts, and so on. Hence the importance of duiingni-ihing be- 
tween the eigna of the zodiac and the eongteltatioru of the zodiac. The cause 
of the diiference is the precession of the equinoxes. [See note to No. 854, and 
No. 945.J 

t Our observations of the stars and nebuloD are confined principally to those 
of the northern hemisphere. Of the constellations near the south pole we 
know but little. [Seejirtt note to No. 854.] 

X In determining the tme place of any of the celestial bodies, the reflractive 
power of the atmosphere must always be talien into consideration. This prop- 
frty of the atmosphere adds to the length of the days, by causing the sun to 
appear be/ore it has actually risen, and by detaining its appearcaice after it has 
actually set. 



Of what is it supposed to consist ? 924. How did the ancients divide the 
stars ? 925. What was the nnml>er of constellations among the ancients f 
How many have been added by the moderns i 926. How are the stars desig- 
nated on the celestial globe > Note. What is the sitnation of each constellation 
sow i Illustrate this. What is the cause of this diflference i 927. Why do we 
not see the stars, and other heavenly bodies, in their true situation i How can 
a-star be seen in its true situation i What is meant by the ahenration of light i 
Note. What is necessary to be taken into consideration, in determining the true 
place of the celestial bodies f What efibct haa this property of the atmosphera 
on Uie length of the days f 
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* 

whole sphere of the fixed stars, &c. appear to move lound the earth 
every twenty-four hours from east to west. To the inhabitants of 
the northern hemisphere, the immovable point, on which the whole 
seems to turn, is the Pole Star. To the inhabitants of the southern 
hemisphere, there is another, and a corresponding point in the 
heavens. 

929. Certain of the stars surrounding the north pole, never set to 
us. These are included in a circle parallel with the equator, and in 
every part equally distant from the north pole star. This circle is 
called the circle oi perpetual apparition. Others never rise to us; 
these are included .in a circle equally distant from the south pole ; 
and this is called the circle oi perpetual occuitation. 

Some of the constellations of the southern hemisphere are repre- 
sented as inimitably beautiful, particularly the cross. 

930. The parallax of a heavenly body is the difference 

between the true and the apparent situation of the body. 

931. lUustraUon. In Fig. 140, A G B represents the earth, and 
C the moon. To a spectator at A, the moon would appear at F; 
while to another at B, the moon would appear at D ; but to a third 

Fig. 140. D 




Spectator at G, the centre of the earth, the moon would appear at E, 
which is the true situation. The distance from F to £ is the paral- 
lax of the moon when viewed from A, and the distance from £ to 
D is the parallax when viewed from B. 

932. From this it appears, that the situation of the heavenly bod- 
ies must always be calculated from the centre of the earth ; and 
the observer must always know the distance between the place of 
his observation, and the centre of the earth, in order to make the 
necessary calculations, to determine the true situation of the body. 
Allowance also must be made for refraction. [Su noU to Jfo. 60(K] 

933. The moon is a secondary planet, revolving about 
the earth, in about 27J days. Its distance from the 
earth is about 240,000 miles. It turns on its axis in 
precisely the same time that it performs its revolution 

WO. What to the parallax of a heavenly body ? Explain Fig. 140. What ap- 
pears from this ? What allowance must also be made ? 933. Is the moon a 
■primary or secondary planet ? How long is it in perfbnaing its revolalloa alMntt 
the earth r What is its distance from the earth f 

17* 
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about the earth. Consequent]/ it always presents the 
same side to the earth. 

934. The most obtrions fact in relation to the moon, is that itfl 
disk is constantly changing its appearance, sometimes only a semi- 
circular edge being illuminated, while the rest is dark ; at another 
time, the whole surface appearing resplendent. This is caused hj 
the relative position of the moon with regard to the sun and .the 
earth. The moon is an opaque body, and shines only by the light 
of the sun. When, therefore, the moon is between the earth and 
the sun, it presents its dark side to the earth; while the side pre- 
sented to the sun, and on which the sun shines, is invisible to the 
earth But when the earth is between the sun and the moon, the 
illaminated side of the moon is visible at the earth. 

995. lUustralion, In Fig. 141, let S be the sun, E the earth, and 
A B C D the moon in different parts of her orbit When the moon 

Fig. 141. 




Is at A, its dark nde will be towards the earth, its illuminated part 
being always towards tlie sun. Hence the moon will appear to us 
as represented at a. But when it has advanced in its orbit, to 
By a small part of its illuminated side comes in sight, it appears as 
represented at 6, and is said to be homed. When it arrives at C, 
one half its illuminated side is visible, and it appears as at e. At C, 
and in the opposite point of its orbit, the moon is said to be in quad- 
TMnre. 'At D its appearance is as represented at d, and it is siud 
to be gHhous, At £ all its illuminated side is toward us, and we 
nave a full moon. During the other half of its revolution, less 
and less of its illuminated side is seen, till it again becomes invisible 
mtA.* ^ 

♦ The (bllowlnc "Ign* sre used in our common almanacs to denote the differ. 
«IC IKMltiona and phsMs of the moon. ) or j> denotes the i 



, ^ moon in the ^r«f 

qnadraiure ; that It, the quadrature between change and full •, ( or C denotes 



•^!. ^«^ *" the mort obTiouB fact in relation to the moon .' How is (his 
r What kiiid of a body Is the moon f By what light does it shine f 
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d36. The mean difference in the rising of the inoo% caiued by its 
daily motion, is a httle less than an hour. But on account of the 
different angles formed with the horizon by dii&rent parts of the 
ecliptic, it happens that for six or eight nights near the full moons 
of September and October, the moon rises nearly as soon as the sua 
is set. As this is a great convenience to the husbandman and the 
hunter, inasmuch as it affords them Ught to continue their occupa- 
tion, and, as it wrere, lengthens out their day, the first is called the 
harvest moon, tlie second the hunter s moon. These moons are al- 
ways most beneficial when the moon's ascending node is in or near 
Jiries* 

937. An eclipse is a total or partial obscuration of one 
heavenly body by the intervention of another."]* 

933. The tides are the regular rising and falling of 
the water of the ocean twice in about ^ hours. They 
are occasioned by the attraction of the moon ; but are 
affected by that of the sun also. 

the moon in the last quadrature ; Ihat is, the quadrature between fUU and 
change \ Q deuotes uew moon j ^ denotes full moon. 

Wheu viewed through a teleiicoiie, the surface of the moon appears wonder- 
Ihlly divemifled. Large dark spots, supposed to be excavations »r valleys, are 
visible to the eye ; souie parts also, appear more lucid than the general surface. 
These are ascertained to be mountains, by the shadows which they cast. Maps 
of the moon's surface have been drawn ; on which most of the^e valleys and 
mountains are delineateti, and named are given to them. Some of these exca- 
vaiiuns are thought to be 4 miles deep aiid 40 wide. A hi^h ridge generally sur- 
rounds them, and often a mountain rises in the centre. These immense depres- 
sions probably very much resemble what would be the appearance of the earth 
at tbe moop, were all the se&f and lakes dried up. Some of the mountains are 
supposed to be volcanic. 

* The reader who wishies a simple and clear illustration of the caosea which 
produce the harvest moon is referred to Wilkius's Astronomy, page 69. 

t The situation of the earth with regard to the moon, or rather of the moon 
with regard to the earth, occasions eclipses both of the sun and moon. Those 
of tse sun take place when the moon, passing between the sun and earth, in- 
tercepts his rays. Those of the moon take place when the earth, coming be- 
tween the sun and moon, deprive the moon of his light. Hence, an eclipse of 
the sun can take place only when the moon changes, and an eclipse of the moon 
only when the moon fulls ; for eU Hie time of an er.lipse, eUher of the snn or 
moon, the nun^ earth, ani moon mwtt be in tke tame straii^ht tine. 

If the moon went around the earth in the same plane in which the earth 
goes around the sun, that is. In the eclifrtic, it is pl.tin that the sun would be 
eclipsed at every new moon •, and the moon would be eclipsed at every full. For 
at each of these times, these three bodies would be in the same straight line. 
But the moon*s orbit does not coincide with the ecliptic, but is inclined to it at 
mi angle of about 5* 20'. Hence, since the apparent diameter of the sun is but 
about 1-2 a degree, and that of the moon about the same, no eclipse will take 
place at new or fill moon, unless the moon be within 1-2 a degree of the eclip- 
tic, that is, in or near one of its nodes. It is found that if the moon t>e within 

How does the moon appear when viewed through a telescope f 936. What 
causes the difi<)rence in the rining of the moon ? What is the mean diflTerenoe 
in the rising of the moon f What is the harvest moon ? What is the hunt^*B 
moon ? When are tbe moons always the iliost beneflcial ? 937. What is aa 
eclipse i When does an ecli|)«e of the sun take place f When does an eclipse 
of the moon lake place ? What is neeessary at the time of an eclipse t 938. 
What are tides i By what are th«y occasioned i 
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F|(. 142. 





99d. Let M, in the above figure, be tbe moon revolving in its or- 
£, the eerth covered wiUi water. Tbe moon, attracting the 
cuth, afieda the aolid pails of it, as if its whole weight were in a 
poiat al or near the centre £. But the waters at A, being nearer 
the moon than the point E, are more strongly attracted than the 
earth, at £, and are consequently drawn away from the eaxth, and 
raised mp nnder the moon at A. Tbe waters, on tbe opposite side 
at B, being farther from the moon than tbe earth at £, are conse- 
qoentlv less powerfully attracted than tbe earth, which is drawn 
nom tbem, and they are raised at B. When the waters are raised 
at A and B, it Is plain they must recede from tbe intermediate 
points C and D. 

16 1>2* of a Bode al tiaie of diuic«^ it wDl be bo near the ecliptic, ttiat the son 
will be more or leat eclipsed } if witlUn 12« at time of flill, tbe moon will be 
SMre or less edipeedL 

It is obTions tbat tbe moon win be oftener within 16 l-2« of a node at the time 
of cbange* than witlUa 12* at tbe time of full } consequently there will be more 
eclipses of the sua than of tbe moon in a coarse of years. As the nodes com- 
asonly come between tbe son and earth but twice in a year, and Uie moon's or> 
bit contains 960% of which 16 1-3*, the tintU of solar eclipses, and 12», the limU 
of lanar eclipses, are bot small portions, it is plain there most be many new and 
Ml moons witboaC any eclipses. 

Although tbei« are more eclipses of tbe son than of the moon, yet more eclip- 
ses of the moon will l>e visible at a particular place, as Boston, in a course of 
years, than of the sun. Binoe the sun is very much larger than either the earth 
or moon, the shadow of these bodies must always terminate in a point ; that is, 
it most always Y» a come. In Fig. 143, let 8 be the son, m the moon, and E tte 
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Explain Fig. 142. How often wonld there be an eclipse, if the moon went 
round the earth in the same plane in whidi the earth goes round the sun ? 
Why f What is the iuclination of the moon's orbit to the ecliptic ? What is 
the apparent diameter of the sun and moon f What follows flrom this ? When 
is the sun eclipsed t When the moon f Does an eclipse happen every time 
there is a fiill or new moon f What must the shadows of these bodies always 
bef Whyf Explain Fig. 14& 
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MO. Thai BDf puticalar place, u A, while paning from under 
the moon, till it coniea under (Jie moon itgun, bu two tides. Bat 
the DUKm IB conilantl; ■dviacing in iu orliit, bo that the eirth 
mutt a little more than cmnplete its rotation, before the place A 
cooieB andcr the moon. Thii ciuub high water at any place about 
fiAj minales later each sf ' — '' — 



iortlinlly lllumlnilfi half Ihe nrlb'i nirhce, thit !•. ■ hem 
eauniilv ii ii TlMble (0 all In lilt hsmlB " - '" 



iiH, B LatiD wcml (or riHf. 

BeitlilM ibe flark ihadDW of Ibe moon, m O, in wbkch all Ihe llghi of Ibe tun 
!■ iuiweepud, (fa whlcb cbk Ibe «Up» w callei) lolal,) ificre ig anolher ibul- 
ow, r C 1) S, dtaiUKI rniin Iha (tamisr, ubicb l> calleil lbs ptnuml,ra. Wlihbi 
IhlB, only a pan of ibc •bo'i ni)a are litiercfiiinl. nnd lbs eclipu )■ calM 

Clio/. If a pcnoa could paaa, durlni an eciipiB of Iba tun n-om O Id 1>, 
nwllBlely on emerging ftvm Ue riarli sbndow, O m, be noutd lee a iiuall 
pari or Ihe iDn; ■nil wauklcDoliBualty aee more and more 1111 h« arrlvej al D, 
where qll ihadow would cauH, und Ihe whole «nn'a d\A be vlelble. Appeur- 

aild Itnw darK, (iKtfrauBe u Warn pwlifm of Ibe iflD li ecJIpie 






lUIa on bui uboui halroTibe llluudnuied bemlHiibere of ihe eaiiO. Hsi 
hitrihe JiihabllaDU on Ibii hemlinhere, iio eclipae will he eeeii. 

OFili'i idiadow ul z. II I) depriied or Ihe iiio'i lighi, and li ecll|»ed K 



ae of Ihe inn cob be 



■■a being trllpaeiri bpl, properly, II It He eacrh which 1> EcUpwl, Ha 
I luu ia vUlble. The buu coulinuea lo dldVae Hi beuuui ai ftealy and uni- 
(Vole. Wheoli an eeltpie called annular' Hiplaln byFig. H4. WhallaB 
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941. At the moon's orbit varies bat little from the ecliptic, the 
moon is never more than 29® from the equator, and is ^nerally 
mnch less. Hence the waters about the equator bein? nearer the 
moon, are more strongly attracted, and the tides are nigher than 
towards the poles. 

942. The sun attracts the waters as well as the moon. When 
the moon is at full or change, being in the same line of direction, it 
acts with the sun ; that is, the sun and moon tend to raise the tides 
at the same place, as seen in the figure. The tides are then yery 
high, and are called spring tides. 

But when the moon b m its quarters, as in Fig. 145, the sun and 
moon being in opposite directions, tend to raise tides at different 

? laces; namely, the moon at C and D, and the sun at A and B. 
"ides that are produced when the moon is in its quarters, are low, 
and are called neap tides.* 

Ibrnily at rach times as at others. Bat these beams are intercepted, and the 
earth is eclipsed only where the moon's shadow falls, that is, on only^ part of 
a hemisphere. In eclipses of the moon, that body ceases to receive light from 
the sun, and, consequently, ceases to reflect it to the earth. The moon under- 
goes a change in its appearance ; and, consequently, this change is visible at 
4he same time to all to whom the moon is visible} that is, to a whole hemi- 
sphere of the earth. 

The earth's shadow (lihe that of the moon) is encompassed by a penumbra, 
C R S D, which is faint at the edges' towards R and 8, but becomes darlcer 
towards F and G. The shadow of the earth is but little darker than the r^ion 
of the penumbra next to it. Hence it is very difficult to determine the exact 
time when the moon passes from the penumbra into the shadow, and fVom the 
shadow into the penumbra *, that is, when the eclipse begins and ends. But 
the beginning and ending of a solar eclipse may be determined almost instanr- 
taneously. 

The diameters of the sun and moon are supposed to be divided into 12 equal 
parts, called digits. These bodies are said to have as many digits eclipsed as 
there are of those parts involved in darkness. 

There must be an eclipse of the sun as often, at least, as one of the moon's 
nodes comes between the sun and the earth. 

The greatest number of both solar and lunar eclipses that can take place 
daring a year is seven. The usual number is four, — two solar and two lunar. 

A total eclipse of the sun is a very remarkable phenomenon. 

June 16, 1806, a very remarkable total eclipse took place at Boston. The day 
was clear, and nothing occurred to prevent accurate observation of this inter- 
esting phenomenon. Several stars were visible: the birds were greatly agi- 
tated ; a gioom spread over the landscape, and an indescribable sensation of fear 
or dread pervaded the breasts of those who gave themselves up to the simple 
eflbcts of the phenomenon, without having their attention diverted by efforts of 
observation. The first gleam of light, contrasted with the previous darkness, 
seemed like the usud meridian day, and gave indescribable life and joy to the 
whole creation. A total eclipse of the sun can last but little more than three 
minutes. An annular eclipse of the sun is still more rare than a total one. 

* There are so many natural difficulties to the free progress of the tides, that 
ths theory by which they are accounted for is, in Oct, and necessarily, the most 



941. What is the distance of the moon from the equator ? Where are the 
tides the highest ? Why ? 942. How are spring tides caused ? Note, Why 
Is a lunar eclipse visible to all to whom the moon Is visible at the time ? 
What is said of the earth's shadow i Explain by the figure. Into what are 
the diameters of the sun and moon supposed to be divided i How many digits 
are these bodies said to have eclipsed f How often must there be an eclipse of 
the sun ? What is the greatest number, of both lunar and solar eclipses, that 
can take place during a year ? What is the usual number? What is said of 
the eclipse of the sun in 1806 f How ara neap tides caaaed ? 



ASTRONOMY. 203 

Fig. 145. 





943. When time is calculated by the sun, it is called 
solar time, and the year a solar year ; but when it is 
calculated by the stars,* it is called sidereal time, and 
the year a sidereal year. The sidereal year is 20 min- 
utes and 24 seconds longer than the solar year. 

d44. A solar year t is measured from the time the earth sets oat 
from a particafar point in the ecliptic, as an eauinoz, or solstice, 
until it returns to the same point again. A sidereal ^ear is measured 
by the time that the earth takes in making an entire revolution in 
its orbit ; or, in other words, from the time that the sim takes to 
return in conjunction with any fixed star. 

945. Every equinox happens 50 seconds of a degree of the great 

imperfect of all the theories connected with astronomy. It is, however, indis- 
patable, that the moon has an eflbct npon the' tides, although it be not equaily 
felt in all places, owing to the indentations of the coast, the obstructions of 
islands, continents, &c., which prevent the free motion of the waters. In nar- 
row rivers, the tides are frequently very high and sudden, from the resistance 
afforded by their banks to Uie free ingress of the water, whence what would 
otherwise be a tide, becomes an accumulation. It has been constantly observ- 
ed, that the springtides happen at the new and AiU moon, and the neap tides 
at the quarters. This circumstance is sufficient in itself to prove the connex- 
ion between the influence of the moon and the tides. 

* The solar year consists of S65 days, 5 hours, 48 minutes, and 48 seconds ; 
but oor common reckoning gives 365 days only to the year. As the diflbrence 
amounts to nearly a quarter of a day every year, it is usual, every fourth year, 
to add a day. Every fourth year, the Romans reckoned the 6th of the ealendt 
of March, and thefoUounng daif, aa one eU^ ; which, on that account, they called 
bissextile, or twice the 6Ui day; whence we derive the name of bissextile for 
the leap year, in which we give to February, for the same reason, 29 days every 
fourth year. 

t As it may be interesting to thorn who have access to a celestial globe, to 
know how to find any particular star or constellation, the following directions 
are sulgoined : 

There is always to be seen, on a clear night, a beantlfol cluster of seven 
brilliant stars, which belong to the constellation ** Ursa Major, ^^ or the Great 
Bear. Some have supposed that they will aptly represent a plough ; others 
say that they are more like a wagon and horses, the four stars representing the 

Explain Fig. 145. Wote. When do spring tides happen > When neap tides ? 
943. What is time called when calculated by the sun f What is sidereal time f 
How mach longer is the sidereal year than the solar I 944. How is a solar 
year measured f Note, What is the length of a solar year ? Why is a day 
added every fourth year, to the year ? How is a sidereal year measured f 
945. What la the precession of the equinoxes f What change has this circam- 
sttnce caused, with regard to tho aitaatioB of the oonstellatioiis i 
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circle, precedinif the place of the equinox, 12 months hefore; and 
this is called the vreeessian of the equinoxes. It is this circumstance 
which has causea the chanjre in the situation of the constellations 
mentioned in the notes to No. 854 and 924. 

946. The earth'9 diurnal motion on an inclined axis together 
with its annual revolution in an elliptic orbit, occasions so much 
complication in its motion, as to produce many irregularities; 
Uierefore true equal time cannot be measured by the sun. A clock, 
which is always perfectly correct, will, in some parts of the year, be 
before the sun, and, in other parts, after it. There are but four 
periods in which the sun and a perfect clock will agree : these are 
the ir)th of April, the 16th of June, the 23d of August, and the 24th 
of December. 

947. The greatest difference between true and apparent time 
amounts to Eetween sixteen and seventeen minutes. Tables of 
equation are constructed for the purpose of pointing out and cor- 
recting these differences between solar time and equal or mean 
time, the denomination given by astronomers to true time. 

body of the wagon, and the other three the horses. Hence they are called by 
some the plough^ and by others they are called CAor/et'tftoam, or wagon. 

Fig. 146 represents these seven stars i ab gd 
represent the four, and e z B the other three Fig. 146. 

■tars. Perhaps they may more properly be j^ 

called a large dipper, of which e xo represent iT 

the handle. If a line be drawn through the ^ 

■tars b and a, and carried upwards, it will pass j 

a little to the left, and nearly touch a star rep- _. \ 

resented in the figure by P. This is the polar J* \., 

star, or the north pole star ; and the stars b and 1 \ 

o, which appear to point to it, are called the • \ 

pointera^ because they appear to point to the : \ 

polar star. j \- 

The polar star shines with a steady and "^^ 

rather aead kind of light. It always appears In 1 k a ^ K 

the same position ; and the north pole of the 4 '^ T* ▼* ^ 

earth always points to it at all geaaona of the ▼ /z fi ^ ^ 

year. The other stars seem to move round it B / ^ * '" ♦ 

as a centre. As this star is always in the north, / tf 

the cardinal points may at any time be found / ^ 

by starlight. / 

By these stars we can also find any other y 
star or constellation.* *^ 

Thus, if we conceive a line drawn (Vom the a 
star ar, leaving B a little to the left, it will pass 
through the very brilliant star A. By looking on 

a celestial globe for the star z, and supposing the line drawn on the globe, as ws 
conceive it done on the heavens, we shall find the star and its name, which is 
Arcturus. 

Conceiving another line drawn through g and b, and extended some distance 
to the right, it wiii pass Just above another very brilliant star. On referring to> 
the globe, we find it to be Capella, or the goat. 

In this manner, the student may become acqaaiuted with the appearance of 
th9 whole heavens. 

946. Can true equal time be measured by the sun f Why f At what periods 
of the year do the sun and a perfect clock agree ? What is the greatest difi^. 
ance between tme and apparent time f 
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NATURAL PHILOSOPHT. 




INDEX. 



[The flguni refer to tlie numbeni and not to the p^go.] 

Attraction. o4. ^ 

Attraction of Cohesion, 59 ; of gravitation, 58. 

Action, 136. 

Arcbimedes's discovery of specific ffravity, 315 note ; screw of, 330. 

Air, how high it extends, &c. 351 ; elastici^ of, 355 ; pressure of, 394 ; 
how it becomes a mechianical a^ent, 393. 

Air Pump, 356 ; experiments with, 3^, &c, ', and instiaments con- 
nected with, 362, &c. 

Acoustics, 417. 

Angle, right obtuse and acute, 147 note} of vision, 552; of inci- 
dence and reflection, 147, 148, and 563. 

Aqueous humor, 634. 

Amalgam, 718. 

Aurora Borealis, 748. 

Armature of a magnet, 810. 

Ampere, his apparatus for illustrating the electro-magnetic rota- 
tion, 831. 

Astronomy , 837. 

Aphelion, 859. 

Apogee, 860. 

Axis of the planets, their inclination, dus., 862. 

Aberration of light, 927. 

Asteriods, 896 ; supposed to be fragments of a large planet burst 
asunder, 896 note. 

Atmosphere, weight of, 399 note, 

Brittlenesn, 81. 

Barometer, 403, 406. 

Battery, electrical, 706. 

Biela's comet, 917 note. 

Bissextile, or leap year, 943 note. 

Compressibility, 76. 

Compound motion, 151. 

Clock, how regulated, 201. 

Cylinder, 233. 

Complex wheel work, 238. 



fOe INDEX. 

CapiUn, 345. 

Ciepuiculaiii, See T^oUigki, 

Crank, 249. 

Caloric, 461. 

Camera obacura, 561. 

Catoptrics, 5(j0 ; funtlameiital law of| 575. 

Cornea, 631. • 

Crystalline lens, 635. 

Choroid, 638. 

Chromatics, 667. 

C!olor, caune of, 668 and 676. > 

Compound galvanic battery, 770. 

Couronne des taases, 771. 

Calorimotor, 764 note. 

Constellations, 854 fwU ; ancient, 924. 

Conjunction, inferior and superior, 860 tute. 

Characters used in Astronomical works, 861 note. 

Circles on the earth, 873 and 874; of perpetual appantion and oo- 
cttltation, 929 ; galvanic, 758. 

Ceres, 896. 

Comets, 912. 

Clusters of stars, 924. 

Celestial globe, how used, 944 note. 

Divisibility, 37. 

Density, 65 ; how afi&cted by heat and cold, 489. 

Ductility, 84. 

Diving Bell, 402. 

Dioptrics, 590 ; laws of, 593. 

Dipping of magnetic needle, 802. 

Distance of the planets from the son, 847. 

Diameter, 147 note ; of the sun, moon, and planets, 860. 

Diagonal, 147 note. 

Days and nights, cause of their different lengths, 874 nofe. 

Digits, 937 ; note, on page 202. 

Discharger, fointAtf, 708. 

Extension, 32. 

Expansibility, 77. 

Elasticity, 7^. 

Equilibrium of fluids, 283. 

Echo, how produced, 439. 

Eye, its parts and description of, 628, &c. 

Electricity, 688 : vitreous and resinous, or positive and negative, 700; 
conductors of,6:i3; by induction and transfer, 714, 716, and 749; 
elicited from a magnet, 835. 

Electrics, 692. 

Electrical machine, 717 ; battery, 706 ; experiments with, 720; elec- 
trical bells, 733 ; electrical sportsman, 737 ; electrical saw-mill, 
748 note ; electrical animals, 748 ; note^ page 152. 

Electrometer, 720. 

Electro- Magnetism, 812; principal facts relating to the science, 817 
and 828 ; remarks on the science, 836. 

Electric sparks taken from a magnet, 816. 
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Electro-Magnetio multiplier, 826; rotation, 898. 

Earth, its diameter, &c., 83o. 

Ecliptic, 852. 

Earth, not a perfect sphere ; appears as a moon to the inhabitants 

of the moon, &o., 8^. 
Encke's comet, 917 ; note, on page 195. 
Eclipses, 937 ; total eclipse of the sun in 1806, 937 ; note, on page 

202. 
Equinoxes, precession of, 945. 
Figure, 36. 

Force, central, 160 > centripetal and centrifugal, 160. 
Fulcrum, 204. 
Fl^-wheel, 248. 

Friction, 264 ; cause of, 266 ; how lessened, 266. 
Fluids, i^d ; pressure uf, 293. 
Fountain, how formed, 337, 
Farraday's discoveries, 816 and 836; his apparatus for exhibiting 

the electro-mafiruetic rotation, 830. 
Gravity, or Gravitation, 87 ; force of, where greatest, 88; eflfect of, 

on fluids, 288; specific gravity, 100 ; centre of, 164. 
Governor, 273. 

Glass chimneys, how protected from fracture, 486 note. 
Gasometer, or gas generator, 736 ; note, on page 147. 
Gymnotus Electricus, 748 note. 
Galvanism, 750 ; difference between electricity and galvanism, 750; 

its effects, 779 ; history of, 750 note. 
Galvanic conductors, 757. 

Galvanic circle, 760 ; effects of, how increased, 765. 
Galvanometer, 826. 
Georgium Sidus, 909. 
Galaxy, 922. 

Gibbous, when the moon appears, 935. 
Great Bear, 944 note. 
Heat, 459 ; its effects, 69 and 466 ; laws of, 458 ; sources and effects 

of, 467 and 483, &c. ; when greatest on the earth, 868; how 

propagated, 508 ; and reflected, 511. 
Hydrostatics, 277, 
Hydrostatic Bellows, 302. 
Hydrostatic Press, (Bramah,) 306. 
Hydrometer, 317. 
Hydraulics, 320. 
Hygrometer, 405 and 409. 
Harmony, science of, 427. 
Heavenly bodies, wh v not seen in their real place, 600 ; their situ** 

tion must be calculated from the centre of the earth, 932. 
Hydrogen pistol, 736. 
Hydro-eleotiic current, 816 note. 
Helix, 824 note. 
Hesperus, ti89note» 
Herschel, 908. 

HalWy's comet, 917; note, on page 195. 
Harvest moon, 936 
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Hontei's moon, 936. 

Impenetrability, 25. 

Indestructibility, 45. 

Inertia, 51. 

Incident motion, 146 ; incident ray, 66B. 

Incidence, angle of, 147. 

Inclined plane, 251. 

IriB, 632. 

Insulated, 696. 

Induction, electricity by, 714. 

Juno, 896. 

Jupiter, 897 ; hia aateUitea, eclipaea of, 901 ; his beltiiy 902. 

Kaleideacope, 686. 

Kepler's Law, 864 ', iliusiratioB of, 865. 

Lever, 207. 

Liquids, 279. 

Locomotive steam engine, 507. 

Light, laws of, 541 and 593 ; composed of difSuent eoloniy 671 ; its 

velocity, how ascertained, 901. 
Luminous bodies, 516. 
Lens, 604 ; various kinds of, 605 ; focal distance of, 614; effects of, 

616 note ; why used in spectacles, 626. 
Leyden jar, 704 ; how silently discharged, 713. 
Lightning, 747. 
Lightning rods, 713; square, better than round ones, 748 note ; most 

n(»t be painted, 748 note ; Dr. King's and Mr. Quimby's, 748 note ; 

first proposed by Franklin, 748 note; 
Line of direction, 181. 
Loadstone, 782. 
Lucifer, 889 note. 

Longitude ascertained by eclipses of Jupiter's Satellites, 901 
Matter, definition and properties of, 15 * all matter attractive, 86. 
Mobility, 78. 
Malleability, 80. 
Mechanics, 111. 
Motion, 112; uniform, accelerated, and retarded,!^; eomj^tmd, 

151 ; circnlar, 157 ; centre of, 159 ; axis of, 159 ; resultant mo- 
tion, 192 ; when imperceptible, 556 ; cause of in the heavenly 

bodies, 843 ; their motion not uniformi 863. 
Momentum, 133. 
Magnitude, centre of, 163. 
Mechanical powers, 203 and 206. 
Medium, 268 and 528. 
Mam sphnff of a watch, 270. 
MagdeburA cups, or hemispheres, 383. 
Minors, plain, concave and convex, 566 ; laws of leflectien IhMn, 

576, &c. ; concave, why they magnify, 574 ; convex, why they 

diminish, 570. 
Microscope, single, 644; and double, 648; sohir, 660. 
Ma^ic lantern, 657. 
MuTtiplj^ing glass, 684. 
Magnetism, 780 ; how it resembles, and difiers from electridij, 7B6 

jioCe; communicated by electricity, 823 and 833. 
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Mtgnet, properties of, 785 ; polarity of, 786 ; methods of sappori- 
in^, 788 ; its powers, how increased, 794 ; horseshoe magnet, 795 ; 
artificial magnets^ how made, 806 and naU; mapiets made by 

Mariner's compass, 804. 

Maipieto-eleetrical machine, {Sniom%) 896 aste. 

BfterciUT, 885. 

Mars, «)6. 

Meteorie stones, 896 iM<e. 

Milky way, 923. 

Moon, 933. 

Natural philosophy, definition of, 1 ; principal bnmches of, 3. 

Non-electrics, 690. 

Northern lights, 74a 

Oil, efiects of, on waves, 328 note. 

Optics, 514. 

Optic nerve, 640. 

Oeiftted's discoveries, 815l 

Orbits of the planets, 844 ; their inclinatloii to each otlier, 857. 

Opposition, 859 lufte. 

Perpendicular, 147 noU. 

Parallelogrann, 147 note. 

Projectile, 174. 

Parabola, 177. 

Projectile, random of, 178. 

Pendulum, 195 ; vibrations of, 196, Ae. 

Pulleys, 221 ; fixed and movable, 292 aad 224; pnwtieal nse or,S30 

Pinion, 240. 

Pyronomics, 458. 

Pyrometer, 482. 

Pupil of the eye, 633^ 

Prism, 670. 

Planets of the solar system, 839 *, how dislhugoished from stars, 841 ; 

interior and exterior, inferior and snpei lor, 847 note ; inhabited, 

875 note. 
Phosphor, 889 note. 

Perihelion, 859 ; of the planets, in #hat sign, 861. - 
Perigee, 860. 
Pallas, 896. 

Pole or Polar star, 928 ; how to find, 944 note. 
Parallax, 930. 
Porosity, 64. 
Quadrature, 996. 
Rarity, 65. 
Reaction, 136. 
Reflected motion, 144. 
Radii, 147 note. 
Reflection, an^le of, 148. 

Reflecting and refracting sobstanoee, 519 and 520. 
Reflected ray, 562. 

RefracUon of Ught, 591 ; eSootM of, 597 and 617 ; kin of, 668. 
Retina, 637. 
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Rainbow, how produced, 677. 

Resinous electricity, 700. 

Revolution, annual, of the planets, 846 ; around their axes, 848. 

Rays, conyergring,5S5; diverging, &23; oblique and vertical, efSsctM 

of, 868 and 869. 
Receiver of an air pump, 356) straight receiver, 739 and 377 note. 
Square, 147 note. 
Screw, 260. 
Specific gravity, 100 ; of bodies, how ascertained, 313 and 315 , 

standard of, 310 ; table of specific gravities, 311 note. 
Springs, how formed, 334. 
Syphon, 338. 
Sound, 418; produced by strings. 4^; velocity of, 437; of the 

human voiee, how produced^ &3. 
Sonorous bodies, 423. 
Steam, elastic force of, 494. 
Steam engine, 496 and 503 ; moving part ofl 502 ; inventors and 

improvers of, 503 note ; Watt's Steam Engme, 506 ; Locomotive 

Steam Engine, 507. 
Shadows, &c., 532. 
Sclerotica, 639. 

Sk^, cause of its blueness, 673 note. 
Spiral tube, 735. 
Straight receiver, 739. 
Silurus Electricus, 748 ; note, on page 158. 
Stereo-electric current, 816 note. 
Saxton, J., his magneto-electrical machine, 836 note. 
Solar system, 839 ; relative siae of bodies belonging to, 860 ; tables 

of, 205 and 206 pages. 
Stars, 840 ; how distinguished from planets, 841 ; classed into six 

magnitudes, 918 ; never seen in their true sitaation, 927. 
Size, relative, of heavenly bodies, 850. 
Seasons, cause of the variations of, 873 
Sun, its size, diameter, &c, 878. 
Saturn, i)04. 

Tables, 205 and 206 pages. 
Tenacity, 85. 
Tackle and fall, 231 
Toggle joint, 275. 

Tantalus's cup, 340. * 

Thermometer, 404 and 408. 

Transparent and translucent sobstanoes, 517 and 518. 
Telescopes, &c., 658 ; refracting and reflecting, 660 end 661. 
Transfer, electricity by, 716. 
Thunder-house, 741. 
Torpedo, 110^0 152, note to No. 748. 
Thermo-electric current, 816 jwte. 
Tropic, 874. 
Tangent, 147 note. 
Transit of Mercury and Venus, 891. 
Telescopic stars, 918. 
Tides, 938. 
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TMBMBf Bplar and sidereal, 943; trae and apparent, diflbrence be 
tween, 947. ! 

Twilight how caiued, 601. 

UniTeraal discharger, 730. 

Uranus, 909. 

Ursa Major, 944 note. 

Velocity, 116. 

Vibrations of a pendulam, 196, Ac. 

Velocity of a current, how ascertained, 326. 

Vacuum, 358 notB, 

Ventriloquism, 455. 

Vision, angle of, 552. 

Vitreous humor, 636 ; Titreous electricity, 700. 

Voltaic electricity, or gdvanism, 750 ; uoferenoe between this and 
common electricity, 775. 

Voltaic battery, 768 ', effects of, &c., 775, note, on page 159. 

Voltaic pile, 766. 

Venus, 889. 

Vesper, 889 note, 

Vesta. 896. 

Watcii, how it differs from a clock, 202. 

Wheel and axle, 233. 

Wedge, 256. 

Water, compressible, 279 note ; instruments for raising, 329 ; how 
it becomes a mechanical agent, 341. 

Water Level, 286. 

Waves, how formed, 328. 

Water wheels, overshot, undershot, and breast, 342. 

Wind, 415. 

Whispering galleries, 444. 

Tear, solar and sidereal, 944« 

Zodiac, 853 ; signs of, 854. 

Zodiacal light, 883. 

N B. For the convenience of recitation, the figures are all re 
peated on separate leaves. 
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